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Since t h e  des ign  o f  t h e  engine research  was aimed a t  t h e  need f o r  b a s i c  
S t i r l i n g  c y c l e  research,  c o n s i d e r a t i o n  was g i v e n  t o  t h e  a b i l i t y  t o  measure key 
thermodynamic c h a r a c t e r i s t i c s .  Many i n s t r u m e n t a t i o n  p o r t s  were i n c o r p o r a t e d  
i n  t h e  hardware d u r i n g  t h e  f a b r i c a t i o n  o f  t h e  engine. 
t i m e  o f  f a b r i c a t i o n  was t h e  requi rement  f o r  r e l i a b l e  ope ra t i on ,  s h o r t  teardown 
and r e b u i l d  t imes,  and f l e x i b i l i t y  o f  c o n f i g u r a t i o n s .  Because t h e  research t o  
be c a r r i e d  o u t  was n o t  i n tended  t o  be on t h e  hea t  i n p u t  system, an e l e c t r i c  
r e s i s t a n c e  h e a t e r  was developed. T h i s  h e a t e r  w i I J  be d iscussed i n  d e t a i l  i n  a 
l a t e r  s e c t i o n .  For s i m i l a r  reasons, a dashpot l o a d  was i n s t a l l e d  t o  absorb t h e  
power generated by t h e  engine. Th is  l o a d  w i l l  a l s o  be d iscussed i n  a l a t e r  
s e c t i o n .  F i g u r e  1 i s  a cutaway v iew o f  t h e  RE-1000 showing t h e  i n t e r n a l  p a r t s  
w i t h  some o f  t h e  key components l a b e l e d .  F i g u r e  2 shows t h e  engine i n s t a l l e d  
i n  t h e  NASA Lewis t e s t  f a c i l i t y .  

A l so  considered a t  t h e  

The purpose o f  t h e  t e s t s  performed w i t h  t h e  RE-1000 was t o  c o l l e c t  d a t a  
th roughou t  a t e s t  m a t r i x  and t o  use these  da ta  t o  v a l i d a t e  computer s i m u l a t i o n s  
o f  t h e  S t i r l i n g  c y c l e .  The t e s t  m a t r i x  developed was in tended  t o  e x e r c i s e  t h e  
engine over  a wide range o f  o p e r a t i n g  c o n d i t i o n s  t o  f i n d  t h e  parameters t o  
which t h e  engine has a g r e a t  amount o f  s e n s i t i v i t y ,  and a l s o  t o  f i n d  parameters 
t o  which t h e  engine has l i t t l e  s e n s i t i v i t y .  The m a t r i x  n o t  o n l y  v a r i e d  t h e  
o p e r a t i n g  c o n d i t i o n s  o f  t h e  engine, b u t  a l s o  v a r i e d  t h e  c o n f i g u r a t i o n  of t h e  
engine hardware. Changes i n  t h e  o p e r a t i n g  c o n d i t i o n  were accomplished by 
v a r y i n g  t h e  work ing  f l u i d ,  t h e  mean p ressu re  l e v e l ,  t h e  hea te r  and c o o l e r  tem- 
pe ra tu res ,  and t h e  power p i s t o n  s t r o k e .  Changes i n  t h e  c o n f i g u r a t i o n  o f  t h e  
engine were accompl ished by v a r y i n g  t h e  power p i s t o n  mass, t h e  regenera to r  
p o r o s i t y ,  and t h e  d i s p l a c e r  dynamics. 

A t  t h e  end o f  t h e  s e n s i t i v i t y  t e s t i n g ,  a t o t a l  o f  781 d a t a  p o i n t s  were 
accumulated. Dur ing  some o f  t h e  t e s t i n g ,  a measurement o f  t h e  dynamic p ressu re  
drops o f  t h e  hea t  exchangers was recorded. The measurement o f  s t e a d y - s t a t e  
p ressu re  drops f o r  each o f  t h e  engine c o n f i g u r a t i o n s  was a l s o  recorded. A 
d i s c u s s i o n  o f  t h e  measurement o f  t h e  dynamic p ressu re  drops o f  t h e  heat  
exchangers w i l l  be presented i n  a l a t e r  s e c t i o n .  

T h i s  r e p o r t  p resen ts  a complete d e s c r i p t i o n  o f  t h e  RE-1000 engine s u i t a b l e  
f o r  computer model ing o f  t h e  t e s t  hardware. A d e s c r i p t i o n  o f  t h e  t e s t  methods 
and t h e  i n s t r u m e n t a t i o n  i s  g i ven .  The 781 d a t a  p o i n t s  recorded d u r i n g  t h e  sen- 
s i t i v i t y  t e s t s  a r e  presented i n  d e t a i l  a l o n g  w i t h  suggest ions on how some of 
t h e  d a t a  should be used. Some o f  t h e  d a t a  a r e  g l v e n  i n  t h e  f o r m  o f  graphs t o  
show t h e  genera l  t r e n d s  o f  t h e  engine performance. A sample o f  t h e  d e t a i l e d  
d a t a  readings i s  presented i n  t a b u l a r  f o rm b u t  t h e  e n t i r e  c o l l e c t i o n  of d a t a  
on a m i c r o f i c h e  ca rd  can be requested f rom NASA Lewis. 

D E S C R I P T I O N  OF THE S E N S I T I V I T Y  

Tes t  Program 

Dur ing  t h e  i n i t i a l  stages o f  t h e  NASA Lewis f r e e - p i s t o n  S t i r l i n g  t e s t  p ro -  
gram, a need was recognized f o r  d a t a  recorded over  a wide range o f  o p e r a t i n g  
c o n d i t i o n s  f o r  t h e  purpose o f  computer code v a l i d a t i o n .  L i t t l e  f r e e - p i s t o n  
S t i r l i n g  engine d a t a  had been p u b l i s h e d  and none o f  i t  was I n  enough d e t a i l  t o  
be used f o r  code v a l i d a t i o n .  W i th  t h e  a b i l i t y  t o  change t h e  c o n f i g u r a t i o n  o f  
t h e  RE-1000 engine and t h e  wide range o f  o p e r a t i n g  c o n d i t i o n s  a t  which t h e  
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SUMMARY 

The NASA Lewis Research Center has been t e s t i n g  a 1 kW (1.33 hp) f r e e -  
p i s t o n  S t i r l i n g  engine a t  t h e  NASA Lewis t e s t  f a c i l i t i e s .  The t e s t s  performed 
over  t h e  p a s t  s e v e r a l  years have been on a s i n g l e  c y l i n d e r  machine known as t h e  
RE-1000. 

t o  be used p r i m a r i l y  f o r  computer code v a l i d a t i o n .  

The d a t a  recorded were t o  a i d  i n  t h e  i n v e s t i g a t i o n  o f  t h e  dynamics 
h h and thermodynamics o f  t h e  f r e e - p i s t o n  S t i r l i n g  engine. The d a t a  a r e  i n tended  
cv M NASA r e p o r t s  TM-82999, 
I TM-83407, and TM-87126 g i v e  i n i t i a l  r e s u l t s  o f  t h e  engine t e s t s .  

w 

The t e s t s  were designed t o  i n v e s t i g a t e  t h e  s e n s i t i v i t y  o f  t h e  engine pe r -  
formance t o  v a r i a t i o n s  on t h e  mean p ressu re  o f  t h e  work ing  space, t h e  work ing  
f l u i d  used, h e a t e r  and c o o l e r  temperatures,  regenera to r  p o r o s i t y ,  power p i s t o n  
mass and d i s p l a c e r  dynamics. These t e s t s  have now been completed a t  NASA 
Lewis . 

Th is  r e p o r t  p resen ts  some o f  t h e  d e t a i l e d  d a t a  c o l l e c t e d  i n  t h e  sens i -  
t i v i t y  t e s t s .  I n  a l l ,  781 d a t a  p o i n t s  were recorded.  A complete d e s c r i p t i o n  
o f  t h e  engine and t e s t  f a c i l i t y  i s  g i ven .  Many o f  t h e  da ta  can be found i n  
t a b u l a r  form, w h i l e  a m i c r o f i c h e  c o n t a i n i n g  a l l  o f  t h e  d a t a  p o i n t s  can be 
requested f rom NASA Lewis.  

INTRODUCTION 

A f r e e - p i s t o n  S t i r l i n g  engine has been under t e s t  a t  NASA Lewis as p a r t  o f  
t h e  S t i r l i n g  engjne techno logy  program. The engine was i n tended  t o  be used f o r  
b a s i c  research  o f  s p e c l f i c  thermodynamic processes i n v o l v e d  i n  t h e  S t i r l i n g  
engine c y c l e .  The engine, known as t h e  model RE-1000 was designed and b u i l t  by 
Sunpower Inc . ,  o f  Athens, Ohio i n  1979 f o r  NASA Lewis. The name RE-1000 i n d i -  
c a t e s  t h a t  t h e  d e v i c e  i s  a research  engine p roduc ing  approx ima te l y  1000 W o f  
b rake  power. 

The RE-1000 engine, as t e s t e d  a t  NASA Lewis, does n o t  rep resen t  an engine 
des ign  opt ' imized as a t o t a l  system. The goa l  used d u r i n g  t h e  i n i t i a l  stages o f  
t h e  des ign  was t o  produce an engine w i t h  maxlmum e f f i c i e n c y  a t  t h e  des ign  con- 
d i t i o n  o f  1 kW brake power o u t p u t .  The s t a r t i n g  p o i n t  o f  t h e  des ign  task ,  
however, was t o  use an e x i s t i n g  des ign  of a c o o l e r  t h a t  was in tended  t o  be used 
on an engine w i t h  3 kW b rake  power o u t p u t .  The s l z e  o f  t h e  regenera to r  c a v i t y  
was a l s o  taken f rom t h e  e x i s t i n g  3 kW design.  W i th  these c o n s t r a l n t s ,  a l o n g  
w i t h  t h e  h e a t e r  tube temperature f i x e d  a t  600 O C ,  c o o l e r  temperature o f  25 "C ,  
mean work ing  space p ressu re  o f  7.0 MPa, and Hel ium as t h e  work ing  f l u i d ,  t h e  
Sunpower o p t i m i z a t i o n  code was used t o  maximize t h e  e f f i c i e n c y .  The e n g l n e . 1 ~  
desc r ibed  I n  re fe rences  1 and 2. 
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engine cou ld  be run, a t e s t  program was designed t o  e x e r c i s e  t h e  engine over  
many c o n f i g u r a t i o n s  and o p e r a t i n g  c o n d i t i o n s .  

The s e n s i t i v i t y  t e s t s  were developed t o  p r o v i d e  t h i s  much needed da ta  w i t h  
t h e  use o f  t h e  RE-1000. The t e r m  s e n s i t i v i t y  was used t o  d e s c r i b e  these t e s t s  
because t h e  engine would be exe rc i sed  th roughou t  a m a t r i x  o f  o p e r a t i n g  condi -  
t i o n s  w i t h  e i g h t  parameters be ing  v a r i e d .  The d a t a  c o u l d  then  be s t u d i e d  t o  
b e t t e r  understand how t h e  engine responds n o t  o n l y  t o  changes i n  t h e  o p e r a t i n g  
c o n d i t i o n s ,  b u t  a l s o  t o  changes i n  t h e  c o n f i g u r a t i o n  o f  t h e  hardware. Three 
o f  t h e  v a r i e d  parameters were c o n f i g u r a t i o n a l  changes o f  t h e  hardware. These 
changes i n c l u d e  v a r i a t i o n s  i n  t h e  power p i s t o n  mass, regenera to r  p o r o s i t y ,  and 
t h e  d i s p l a c e r  dynamics. A d e s c r i p t i o n  o f  each o f  t hese  c o n f i g u r a t i o n a l  changes 
i s  g i v e n  l a t e r  i n  t h i s  r e p o r t .  The o t h e r  parameters v a r i e d  i n c l u d e  t h e  power 
p i s t o n  s t r o k e ,  t h e  mean o p e r a t i n g  p ressu re  i n  t h e  work ing  space, t h e  work ing  
f l u i d ,  t h e  h e a t e r  temperature and t h e  c o o l e r  temperature.  

W i t h  t h e  d a t a  c o l l e c t e d  i n  these t e s t s ,  i t  would be p o s s i b l e  t o  see which 
parameters s t r o n g l y  i n f l u e n c e  t h e  performance o f  t h e  engine and which parame- 
t e r s  have l i t t l e  i f  any e f f e c t  on t h e  engine performance. Because these t e s t s  
cover  a wide range o f  o p e r a t i n g  c o n d i t i o n s  i t  would be p o s s i b l e  t o  see t h e  
t r e n d s  o f  t h e  engine on a macro b a s i s  r a t h e r  than  on a smal l ,  l o c a l  b a s i s .  
T h i s  f e a t u r e  i s  h e l p f u l  i n  t h e  v a l i d a t i o n  o f  computer s i m u l a t i o n s  s i n c e  a com- 
p u t e r  code should be a b l e  t o  p r e d i c t  engine performance over  a wide range o f  
c o n d i t i o n s .  D e s c r i p t i o n s  o f  t h e  NASA Lewis S t i r l i n g  engine s i m u l a t i o n  and t h e  
c a l i b r a t i o n  o f  i t  a r e  g i v e n  i n  re fe rences  3, 4, 5, and 6. 

F i g u r e  3 shows a segment o f  t h e  s e n s i t i v i t y  t e s t  m a t r i x .  The parameters 
v a r i e d  i n  t h i s  m a t r i x  were mean engine p ressu re  l e v e l ,  h e a t e r  head temperature,  
and c o o l e r  temperature.  I n s i d e  each o f  t h e  elements o f  t h i s  m a t r i x  t h e  s t r o k e  
o f  t h e  power p i s t o n  was v a r i e d .  The s t r o k e  was v a r i e d  i n  increments o f  0.2 cm 
f r o m  1.8 cm up t o  an upper l i m i t  determined by t h e  o p e r a t i n g  c o n d i t i o n s  o f  t h e  
engine.  I n  some cases, t h e  upper l i m i t  o f  t h e  s t r o k e  was determined by t h e  
presence o f  system i n s t a b i l i t y  caus ing t h e  engine t o  ope ra te  w i t h  a low f r e -  
quency bea t  imposed on t h e  engine o p e r a t i n g  f requency. Other t imes t h e  s t r o k e  
was l i m i t e d  by e i t h e r  t h e  c o n d i t i o n  o f  no l oad  be ing  a p p l i e d  t o  t h e  p i s t o n  o r  
by t h e  i nc reased  r i s k  t o  t h e  engine i n s t r u m e n t a t i o n .  I n  a l l  cases, t h e  s t r o k e  
was k e p t  below a l i m l t  of 3 . 6  cm because o f  physqca l  limlts i n  t h e  englne. 

The m a t r i x  d e p i c t e d  i n  f i g u r e  4 shows t h e  v a r i a t i o n s  i n  t h e  c o n f i g u r a t i o n  
o f  t h e  t e s t  hardware. The c o n f i g u r a t i o n  m a t r i x  shows t h a t  t h e  engine was 
t e s t e d  w i t h  a l l  f o u r  p o s s i b l e  combinat ions o f  t h e  two regenera to rs  and two d i s -  
p l a c e r s .  I n  a d d i t i o n  t o  these f o u r  c o n f i g u r a t i o n s ,  t h e  t e s t s  were r u n  w i t h  t h e  
r e g e n e r a t o r  1 and d i s p l a c e r  1, b u t  t h e  work ing  f l u i d  was changed t o  n i t r o g e n  
f o r  one s e r i e s  o f  t e s t s  and t o  argon f o r  another  s e r i e s .  A s e r i e s  was a l s o  r u n  
w i t h  a power p i s t o n  w i t h  a mass l e s s  than  t h e  des ign  mass. I t  should be noted 
t h a t  t h e  m a t r i x  shown i n  f i g u r e  3 e x i s t s  once i n s i d e  o f  each o f  t h e  elements o f  
t h e  m a t r i x  shown i n  f i g u r e  4. Table I g ives  a l i s t i n g  o f  t h e  number o f  da ta  
p o i n t s  recorded f o r  each o f  t h e  elements o f  t h e  c o n f i g u r a t i o n  m a t r i x .  

The t e s t  m a t r i x  was designed t o  p r o v i d e  a method t o  d e t e c t  t h e  p o t e n t i a l  
weakness o f  a S t i r l i n g  engine computer s i m u l a t i o n .  When a computer s i m u l a t i o n  
I s  c a l i b r a t e d  a g a i n s t  t o o  few da ta  p o i n t s ,  t h e  code may be ve ry  accu ra te  when 
s i m u l a t i n g  a p o i n t  near t h e  c o n d i t i o n s  i t  was c a l i b r a t e d  a g a i n s t ,  b u t  may have 
s i g n i f i c a n t  e r r o r s  when i t  t r i e s  t o  p r e d i c t  engine performance a t  an o p e r a t i n g  
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p o i n t  f a r  f rom t h e  c a l i b r a t i o n  c o n d i t i o n s .  T h i s  may be caused by t h e  a d j u s t -  
ment o f  c a l i b r a t i o n  f a c t o r s  t h a t  tend t o  c o u n t e r a c t  one another  i n  some 
respec t .  The Idea  t h a t  i t  i s  d e s i r a b l e  t o  c a l i b r a t e  a computer code over  a 
wide range o f  d a t a  c o n d i t i o n s  l e d  t o  t h e  d e t a i l  des ign  o f  t h e  s e n s i t i v i t y  t e s t  
program. 

The d a t a  can be used t o  s tudy t h e  s e n s i t i v i t y  o f  t h e  RE-1000 t o  v a r i a t i o n s  
i n  any one parameter w i t h  a l l  o t h e r  parameters h e l d  cons tan t .  Whi le  t h i s  i s  
done i n  most engine t e s t  programs t o  some degree, ( i . e . ,  t h e  engine speed i s  
u s u a l l y  v a r i e d  as t h e  p ressu re  l e v e l  i s  h e l d  cons tan t  i n  most k inemat i c  
S t i r l i n g  engines as shown i n  r e f .  7 ) ,  i t  i s  p o s s i b l e  t o  use da ta  f rom t h e  
c u r r e n t  s e n s i t i v i t y  t e s t s  t o  l o o k  a t  t h e  v a r i a t i o n  i n  engine performance w i t h  
r e s p e c t  t o  any o f  t h e  c o n t r o l l e d  parameters used as a t e s t  v a r i a b l e .  
t h i s  i n  mind, t h e  s i g n i f i c a n c e  o f  some o f  t h e  t e s t s  becomes more c l e a r .  I f  
d a t a  p o i n t s  a r e  used f o r  code v a l i d a t i o n  where t h e  t e s t  parameter v a r i e d  I s  
t h e  work ing  f l u i d  w h i l e  a l l  o t h e r  parameters a r e  h e l d  constant ,  some o f  t h e  
d e f i c i e n c i e s  o f  a code t h a t  a r e  a f u n c t i o n  o f  t h e  gas p r o p e r t i e s  can be found. 
By u s i n g  t h e  d a t a  p o i n t s  recorded when t h e  mass o f  t h e  power p i s t o n  was t h e  
t e s t  v a r i a b l e ,  t h e  d e f i c i e n c i e s  o f  a code t h a t  a r e  f requency dependent can be 
found. T h i s  can be ve ry  h e l p f u l  i n  t h e  c a l i b r a t i o n  o f  a S t i r l i n g  s i m u l a t i o n  
s i n c e  t h e  c o n f i g u r a t i o n  o f  t h e  engine and t h e  gas p r o p e r t i e s  a r e  h e l d  cons tan t  
and t h e  o p e r a t i n g  f requency o f  t h e  engine i s  changed. 

Wi th  

D E S C R I P T I O N  OF THE ENGINE 

Along w i t h  t h e  cutaway drawing o f  t h e  RE-1000 f r e e - p i s t o n  S t i r l i n g  engine 
shown i n  f i g u r e  1, a photograph o f  t h e  engine i n  t h e  t e s t  c e l l  i s  shown i n  
f i g u r e  2. The engine i s  r e l a t i v e l y  l a r g e  and massive f o r  i t s  power l e v e l  f o r  
seve ra l  reasons. The engine as b u i l t  f o r  NASA Lewis, was i n tended  t o  be a 
rugged t e s t  engine t o  be used f o r  many hours o f  research.  S ince t h e r e  was no 
i n t e r e s t  i n  demonstrat ing t h e  f e a s i b i l i t y  o f  c o m m e r c i a l i z a t i o n  o r  p r o d u c t i o n  
f e a t u r e s  o f  t h e  engine, no c o n s i d e r a t i o n  was g i v e n  t o  make t h e  engine l i g h t  o r  
compact. 
ease o f  maintenance. 
inst rumen- 
t a t i o n  i n t o  key l o c a t i o n s  t o  enable t h e  measurement o f  some thermodynamic 
c h a r a c t e r i s t i c s .  Genera l l y ,  p o r t s  were i n c o r p o r a t e d  a t  t h e  connec t ing  duc ts  
between t h e  hea t  exchangers f o r  gas p r o p e r t y  measurements. 

A des ign  requi rement  was t o  make t h e  engine r e l i a b l e  and p r o v i d e  
C o n s i d e r a t i o n  was a l s o  g i v e n  t o  t h e  a b i l i t y  t o  g e t  

As  can be seen i n  f i g u r e  1, t h e  RE-1000 i s  a s i n g l e  c y l i n d e r  f r e e - p i s t o n  
S t i r l i n g  engine w i t h  a posted d i s p l a c e r ,  annu la r  regenera to r  and c o o l e r ,  e l e c -  
t r i c  r e s i s t a n c e  h e a t e r  head, and a dashpot l o a d  dev i ce  b u i l t  i n s i d e  o f  t h e  
bounce space. The s i g n i f i c a n c e  o f  t h e  posted d i s p l a c e r  c o n f i g u r a t i o n  I s  t h a t  
t h e  d i s p l a c e r  dynamics a r e  coupled t o  t h e  engine housing by t h e  d i s p l a c e r  gas 
s p r i n g .  (The o t h e r  p o s s i b l e  c o n f i g u r a t i o n  i s  t o  coup le  t h e  d i s p l a c e r  dynamics 
t o  a gas s p r i n g  i n s i d e  o f  t h e  power p i s t o n . )  S ince t h e  engine housing o f  t h e  
RE-1000 i s  ve ry  massive r e l a t i v e  t o  any o t h e r  engine component, t h e  d r i v i n g  
f o r c e  t h a t  t h e  d i s p l a c e r  responds t o  d u r i n g  o p e r a t i o n  i s  t h e  p ressu re  v a r i a t i o n  
o f  t h e  work ing  space. 
c l a s s i c a l  l i n e a r  v i b r a t i o n  t h e o r y  as desc r ibed  i n  r e f e r e n c e  8. Some n o n l i n e -  
a r i t y  does e x i s t  i n  t h e  engine however and t h e  l i n e a r  t h e o r y  does n o t  y i e l d  a 
p e r f e c t  r e p r e s e n t a t i o n  o f  t h e  dynamics. 

The response o f  t h e  d i s p l a c e r  g e n e r a l l y  f o l l o w s  t h e  

The s l i d i n g  su r faces  o f  t h e  engine use wear couples.  The power p i s t o n  i s  
coated w i t h  a f l u o r o c a r b o n  m a t e r i a l  and t h e  c y l j n d e r  i s  coated w i t h  chrome 
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ox ide .  The d i s p l a c e r  rods a r e  coated w i t h  chrome o x i d e  w h i l e  t h e  bores o f  t h e  
d i s p l a c e r s  a r e  hardened s t a i n l e s s  s t e e l .  Advances i n  S t i r l i n g  engine t e c h n o l -  
ogy i n c l u d e  t h e  use o f  h y d r o s t a t i c  and hydrodynamic gas bear ings  as desc r ibed  
i n  re fe rences  9 and 10. 

A complete l i s t  o f  engine parameters and dimensions i s  g i v e n  i n  t a b l e  11. 
I t  i s  i n tended  t h a t  t h i s  l i s t  should be a complete d e s c r i p t i o n  o f  t h e  RE-1000 
f o r  i t s  model ing on a computer. 
sented i n  t h i s  t a b l e  supersedes any p r e v i o u s l y  p u b l i s h e d  d a t a  w i t h  r e s p e c t  t o  
t h e  dimensions and c o n f i g u r a t i o n  o f  t h e  NASA Lewis RE-1000 s i n c e  some a l t e r a -  
t i o n s  and more accu ra te  measurements have occurred.  

I n  t h e  event o f  any c o n f l i c t ,  t h e  da ta  p re -  

Heater.  - The RE-1000 hea te r  head i s  shown i n  f i g u r e  5 .  The hea te r  was 
made w i t h  34 tubes o f  I n c o n e l  718. The tubes a r e  used t o  fo rm an e l e c t r i c  
r e s i s t a n c e  hea te r .  As  can be seen i n  f i g u r e  5, 17 o f  t h e  tubes a r e  connected 
a t  t h e i r  m i d p o i n t s  t o  a s e m i c i r c u l a r  e l e c t r i c  bus b a r .  The o t h e r  17 tubes a r e  
connected a t  t h e i r  m i d p o i n t s  t o  another  e l e c t r i c  bus b a r .  Each o f  t h e  e l e c t r i c  
bus ba rs  has two power tabs  ex tend ing  r a d i a l l y  f rom t h e  c e n t e r  o f  t h e  hea te r .  
The f l o w  o f  c u r r e n t  f r o m  t h e  one bus bar ,  t h rough  17 o f  t h e  tubes t o  t h e  c y l i n -  
de r  produces hea t  i n  those 17 tubes.  The c y l i n d e r  o f  t h e  engine i s  a t  e l e c t r i c  
ground. Heat i s  l i k e w i s e  generated i n  t h e  o t h e r  17 tubes as t h e  c u r r e n t  f l o w s  
away f r o m  t h e  head, th rough  t h e  tubes t o  t h e  o t h e r  bus ba r  and i t s  power tabs,  
back t o  t h e  e l e c t r i c  power supply .  The hea t  i s  generated by t h e  h i g h  c u r r e n t ,  
l ow  v o l t a g e  system. 

The f o u r  power tabs t h a t  extend r a d i a l l y  f rom t h e  two bus bars were s i z e d  
t o  generate heat  i n  an a t tempt  t o  min imize t h e  heat  l o s s  f rom t h e  hea te r  tubes.  
W i th  t h e  p roper  amount o f  heat  generated i n  each power tab,  t h e  temperature 
g r a d i e n t  i n  each t a b  would be zero a t  a p o i n t  where t h e  power tabs connect t o  
t h e  s e m i c i r c u l a r  bus bars.  A c ross  s e c t i o n  o f  one power t a b  and i t s  connec t ion  
t o  t h e  bus b a r  i s  shown i n  t h e  exploded s e c t i o n  o f  f i g u r e  5 .  The diagram shown 
i n  t h e  exploded view i l l u s t r a t e s  how t h e  power t a b  becomes n e i t h e r  a heat  s i n k  
no r  a heat  source t o  t h e  hea te r  tubes. I n  t h i s  case, t h e  heat  conducted f rom 
t h e  bus bars t o  t h e  power tabs  would be zero and t h e  power tabs.  The heat  
c a l c u l a t e d  i n  t h e  da ta  system as PWRIN, however, i n c l u d e s  some o f  t h e  heat  
generated i n  t h e  power tabs t h a t  i s  l o s t  t o  t h e  su r round ing  a i r .  Th i s  has an 
e f f e c t  on any a t t e m p t  t o  develop an energy balance o r  t o  c a l c u l a t e  t h e  engine 
e f f i c i e n c y  based on t h e  power i n p u t .  

Each hea te r  t ube  connects t h e  expansion space t o  t h e  h o t  end o f  t h e  regen- 
e r a t o r .  The 34 tubes f l o w  gas i n  p a r a l l e l  f r o m  t h e  expansion space t o  a smal l  
plenum chamber a t  t h e  h o t  end o f  t h e  regenera to r .  A s  t h e  tubes pass th rough  
t h e  two s e m i c i r c u l a r  bus bars,  t h e r e  i s  no m i x i n g  o f  t h e  h o t  gas f r o m  one tube  
t o  another .  The bus bars a r e  brazed t o  t h e  hea te r  tubes o n l y  as a conductor  
f o r  t h e  e l e c t r i c  c u r r e n t .  

The h e a t e r  head was f a b r i c a t e d  w i t h  two s e m i c i r c u l a r  bus ba rs  a t tached  t o  
t h e  m i d p o i n t  o f  each o f  t h e  34 h e a t e r  tubes. S ince a l l  o f  t h e  h e a t e r  tubes 
were f a b r i c a t e d  f rom t h e  same supply  o f  t u b i n g  and t h e r e f o r e  should be i d e n t i -  
c a l ,  every tube should be a t  t h e  same temperature l e v e l  d u r i n g  o p e r a t i o n .  The 
d a t a  always i n d i c a t e d  t h a t  t h e r e  was a tube  t o  tube  v a r i a t i o n  i n  temperature o f  
as much as 20 OC. The v a r i a t i o n  was i n t e r p r e t e d  as misa l ignment  o f  t h e  thermo- 
couples on t h e  hea te r  tubes and n o t  a t r u e  v a r i a t i o n  o f  t h e  h e a t e r  t ube  temper- 
a t u r e s .  S ince t h e r e  i s  a v o l t a g e  g r a d i e n t  a long  t h e  l e n g t h  o f  t h e  tube  d u r i n g  
opera t i on ,  any misa l ignment  o f  t h e  thermocouple on t h e  h e a t e r  tube would cause 
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t h e  thermocouple o u t p u t  t o  be t h e  summation o f  t h e  temperature induced o u t p u t  
and t h e  v o l t a g e  g r a d i e n t  over  t h e  l e n g t h  o f  t h e  thermocouple. 
was s u b s t a n t i a t e d  by t h e  f a c t  t h a t  w i t h  each new i n s t a l l a t i o n  o f  thermocouples, 
t h e  h i g h e s t  h e a t e r  t ube  temperature measured was on a d i f f e r e n t  tube than  on 
t h e  p rev ious  t e s t s .  

Th i s  thought  

Regenerator.  - The regenera to r  c a v i t y  i s  an annu la r  volume between t h e  
o u t s i d e  s u r f a c e  o f  t h e  d i s p l a c e r  c y l i n d e r  w a l l  and t h e  i n s i d e  s u r f a c e  o f  t h e  
gas-pressure c o n t a i n i n g  w a l l .  The regenera to r  m a t r i x  i s  a k n i t t e d  304 s t a i n -  
l e s s  s t e e l  m a t e r i a l  produced by Metex Corpo ra t i on  o f  Edlson, New Jersey. 
Regenerator m a t e r i a l  i s  i n s e r t e d  i n t o  t h e  regenera to r  c a v i t y  f rom t h e  c o l d  end 
o f  t h e  h e a t e r  head and becomes compressed when t h e  c o o l e r  i s  a t tached  t o  t h e  
hea te r  head. The m a t r i x  s t r u c t u r e  i s  much l i k e  a m e t a l l i c  rope w i t h  a square 
c ross  s e c t i o n .  The regenera to r  m a t r i x  i s  shown i n  f i g u r e  6. 

The engine was t e s t e d  w i t h  two d i f f e r e n t  regenera to rs .  The regenera to rs  
were s i m i l a r  w i t h  t h e  excep t ion  t h a t  t hey  had d i f f e r e n t  p o r o s i t i e s .  When t h e  
engine was purchased a t  t h e  beg inn ing  o f  t h e  program i t  was b u i l t  w i t h  a 
regenera to r  and a d i s p l a c e r  t h a t  s h a l l  be r e f e r r e d  t o  as regenera to r  1 and 
d i s p l a c e r  1. These p a r t s  were produced as a r e s u l t  o f  t h e  des ign  goa l  o f  h i g h  
engine e f f i c i e n c y  w i t h i n  t h e  o r i g i n a l  des ign  c o n s t r a i n t s .  
t h e  t e s t i n g  o f  t h e  RE-1000, NASA Lewis purchased a regenera to r  and d i s p l a c e r  
f r o m  Sunpower t h a t  were op t im ized  f o r  h i g h  power o u t p u t  w i t h  a l l  o t h e r  para- 
meters o f  t h e  engine h e l d  cons tan t .  These h igh  power p a r t s  s h a l l  be r e f e r r e d  
t o  as regenera to r  2 and d i s p l a c e r  2. Regenerator 1 had a p o r o s i t y  o f  
75.9 p e r c e n t  w h i l e  regenera to r  2 had a p o r o s i t y  o f  81.2 pe rcen t .  
t e s t  procedure,  t h e  hea t  exchangers were f l o w  t e s t e d  a f t e r  each r e b u i l d .  The 
r e s u l t s  o f  t h e  s t e a d y - s t a t e  f l o w  t e s t s  a r e  g i v e n  i n  f i g u r e s  7 and 8. 

A t  a l a t e r  t i m e  i n  

As a s tandard 

Cooler.  - The c o o l e r  o f  t h e  RE-1000 i s  shown i n  f i g u r e s  9 and 10. The 
c o o l e r  i s  o f  an annu la r  des ign.  The gas f l o w  p a t h  c o n s i s t s  o f  135 r e c t a n g u l a r  
passages spaced even ly  around t h e  d i s p l a c e r  c y l i n d e r .  The c o o l i n g  water  f l o w s  
th rough  passages i n  t h e  c o o l e r  housing, p a r a l l e l  t o  t h e  gas passages. The 
water  f l o w  d i r e c t i o n  d u r i n g  t h e  t e s t s  was f r o m  t h e  regenera to r  end o f  t h e  
c o o l e r  t o  t h e  compression space end o f  t h e  c o o l e r .  A l l  o f  t h e  p a r t s  o f  t h e  
c o o l e r  assembly a r e  made o f  aluminum f o r  low thermal  r e s i s t a n c e .  The s t a i n l e s s  
s t e e l  d i s p l a c e r  c y l i n d e r  r e q u i r e d  a l i g h t  press f i t  i n t o  t h e  aluminum f i n n e d  
u n i  t. 

D i s p l a c e r .  - Tests on t h e  RE-1000 were r u n  w i t h  two d i f f e r e n t  d i s p l a c e r s .  
As  d iscussed e a r l i e r ,  d l s p l a c e r  1 was designed f o r  h i g h  e f f i c i e n c y  and 
d i s p l a c e r  2 was designed f o r  h i g h  power. 
f i g u r e s  11 and 12. Both o f  t h e  d i s p l a c e r s  a r e  s i m i l a r  i n  c o n s t r u c t i o n .  The 
gas s p r i n g  o f  t h e  d i s p l a c e r  i s  con ta ined  i n s i d e  o f  t h e  d i s p l a c e r  body. The 
c o l d  end o f  t h e  d i s p l a c e r  p rov ides  mounts f o r  t h e  a n t i r o t a t i o n  r o d  and t h e  
d i s p l a c e r  p o s i t i o n  measurement rod.  The d i s p l a c e r  p o s i t i o n  measurement r o d  
extends i n t o  a l i n e a r  v o l t a g e  d i f f e r e n t i a l  t r a n s f o r m e r  (LVDT) b u i l t  i n s i d e  t h e  
power p i s t o n .  
power p i s t o n  p o s i t i o n  s i n c e  no easy method e x i s t s  i n  t h e  RE-1000 t o  measure 
t h e  a b s o l u t e  d i s p l a c e r  p o s i t i o n .  The a n t i r o t a t i o n  rod  p reven ts  t h e  LVDT co re  
mounted on t h e  d i s p l a c e r  f rom becoming r o t a t i o n a l l y  m i s a l i g n e d  w i t h  respec t  t o  
t h e  LVDT windings b u i l t  i n t o  t h e  power p i s t o n .  

The two d i s p l a c e r s  a r e  shown i n  

T h i s  measures t h e  p o s i t i o n  o f  t h e  d i s p l a c e r  r e l a t i v e  t o  t h e  

The d i s p l a c e r  rods a r e  coated w i t h  chrome o x i d e  f o r  wear r e s i s t a n c e .  
rod  i s  supported by t h e  mount ing s p i d e r  l o c a t e d  a t  t h e  end o f  t h e  rod .  A smal l  

The 
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bushing o f  Rulon i s  b u i l t  i n t o  one o f  t h e  l e g s  o f  t h e  s p i d e r  t o  gu ide  t h e  d i s -  
p l a c e r  a n t i r o t a t i o n  rod. The bo re  o f  t h e  d i s p l a c e r ,  i n t o  which t h e  d i s p l a c e r  
r o d  f i t s ,  i s  made o f  hardened s t a i n l e s s  s t e e l .  On t h e  end o f  t h e  s leeve,  
i n s i d e  o f  t h e  d i s p l a c e r ,  an enclosed volume i s  a t tached  t o  fo rm t h e  d i s p l a c e r  
gas s p r i n g .  The volume was s i zed  i n  each d i s p l a c e r  gas s p r i n g  t o  achieve a 
predetermined s p r i n g  r a t e .  Leakage o f  gas between t h e  d i s p l a c e r  gas s p r i n g  
and t h e  work ing  space i s  min imized by t h e  c l o s e  f i t  o f  t h e  d i s p l a c e r  rod  i n  
t h e  d i s p l a c e r  bore.  

There must a l s o  be a seal  t o  m in im ize  leakage o f  t h e  gas of t h e  expansion 
and compression spaces f r o m  l e a k i n g  between one another  w i t h o u t  f l o w i n g  th rough  
t h e  hea t  exchangers. Th is  sea l  i s  a s i n g l e  r i n g  o f  T e f l o n  impregnated w i t h  
molybdenum-disu l f ide.  There was no backup r i n g  used t o  p r o v i d e  a p re load .  The 
r i n g  had a c ross  s e c t i o n  o f  3.00 mm (0.118 I n . )  by 2.82 mm (0.111 i n . ) .  S ince 
l i t t l e  d i f f e r e n t i a l  p ressu re  across t h e  d i s p l a c e r  e x i s t s  d u r i n g  engine opera- 
t i o n  a h i g h  d r a g  p i s t o n  r i n g  s i m i l a r  t o  t h e  ones used i n  k inemat i c  engines i s  
n o t  necessary.  

The two d i s p l a c e r s  and d i s p l a c e r  rods d i f f e r  i n  des ign.  D i s p l a c e r  1 was 
in tended  t o  ope ra te  w i t h  a phase ang le  o f  about 45" w i t h  r e s p e c t  t o  t h e  power 
p i s t o n .  
ma te l y  80". D i s p l a c e r  r o d  1 was 1.663 cm (0.6548 i n . )  i n  d iameter  w h i l e  t h e  
bo re  o f  t h e  d i s p l a c e r  was 1.666 cm (0.6558 i n . ) .  D i s p l a c e r  rod  2 was 1.808 cm 
(0.7120 i n . )  i n  d iameter  w h i l e  t h e  bo re  o f  t h e  d i s p l a c e r  was 1.811 cm 
(0.7130 i n . ) .  The combinat ion o f  t h e  gas s p r i n g  s t i f f n e s s ,  t h e  d i s p l a c e r  mass, 
and t h e  damping t o  which t h e  d i s p l a c e r  was s u b j e c t  determined t h e  dynamic 
response o f  t h e  d i s p l a c e r  t o  t h e  p ressu re  wave i n  t h e  work ing  space. 
dimensions o f  t h e  two d i s p l a c e r s  a r e  g i v e n  i n  f i g u r e s  13 and 14. 

D i s p l a c e r  2 was designed t o  ope ra te  w i t h  a phase ang le  o f  a p p r o x i -  

C r i t i c a l  

One major  d i f f e r e n c e  between t h e  two d i s p l a c e r  rods was t h e  Inst rumenta-  
t i o n  p o r t  p r o v i d e d  i n  d i s p l a c e r  r o d  2 t h a t  c o u l d  n o t  be f i t  i n t o  d l s p l a c e r  
r o d  1.  T h i s  i n s t r u m e n t a t i o n  p o r t  a l l owed  t h e  measurement o f  t h e  p ressu re  v a r i -  
a t i o n  i n  t h e  d i s p l a c e r  gas s p r i n g  as t h e  engine was o p e r a t i n g .  F i g u r e  12 shows 
t h e  d i s p l a c e r  r o d  w i t h  t h e  i n s t r u m e n t a t i o n  p o r t  l a b e l e d .  The passage i n  t h e  
d i s p l a c e r  r o d  caused a s l i g h t  phase s h i f t  o f  t h e  p ressu re  r e a d i n g  b u t  a n e g l i -  
g i b l e  amount o f  a t t e n u a t i o n .  Because o f  t h i s ,  t h e  da ta  r e p o r t e d  con ta ins  a 
measurement o f  p ressu re  amp l l t ude  b u t  does n o t  t r y  t o  f n t e g r a t e  t h e  pressure-  
volume d iagram o f  t h e  gas s p r i n g .  The e r r o r  i n  t h e  c a l c u l a t e d  l o s s  would be 
t o o  l a r g e  r e l a t i v e  t o  t h e  a c t u a l  va lue  o f  t h e  l o s s .  

Power P i s t o n .  - The power p i s t o n  o f  t h e  RE-1000 i s  shown i n  f i g u r e  15. 
The main body o f  t h e  p i s t o n  i s  made o f  aluminum w i t h  t h e  o u t e r  s u r f a c e  hav ing  
a c o a t i n g  o f  a f l u o r o c a r b o n  a n t i - f r i c t i o n  m a t e r i a l .  The l a r g e r  d iameter  
s e c t i o n  o f  t h e  p i s t o n  was made o f  s t e e l  t o  i n c r e a s e  t h e  p i s t o n  mass t o  t h e  
l e v e l  r e q u i r e d  t o  make t h e  engine resonant  f requency become 30 Hz .  For t h e  
t e s t s  conducted a t  t h e  h i g h e r  o p e r a t i n g  f requency t h i s  s t e e l  mass was rep laced  
by a mass o f  t h e  same dimensions b u t  made o f  aluminum. Th is  had t h e  e f f e c t  o f  
making t h e  o s c i l l a t i n g  mass o f  t h e  p i s t o n  l i g h t e r  and t h e r e f o r e  r a i s e d  t h e  
resonant  f requency t o  app rox ima te l y  37 Hz.  

A s l o t  was machined i n  t h e  s i d e  o f  t h e  l a r g e  mass t o  h o l d  a Rulon bushing. 
T h i s  bushing would r i d e  on a s t a t i o n a r y  r o d  d u r i n g  o p e r a t i o n  o f  t h e  engine t o  
p r e v e n t  t h e  p i s t o n  f rom r o t a t i n g .  The bushing was made o f  Rulon t o  m in im ize  
f r i c t i o n .  Misa l ignment  o f  t h e  power p i s t o n  cou ld  cause damage t o  t h e  i n s t r u -  
men ta t i on  i n  t h e  engine o r  t h e  power p i s t o n  I t s e l f .  A new technology be ing  
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a p p l i e d  t o  f r e e - p i s t o n  S t i r l i n g  engines i n v o l v e s  t h e  use o f  induced r o t a t i o n  t o  
cause t h e  d i s p l a c e r  and t h e  power p i s t o n  t o  r i d e  on hydrodynamic gas bear ings .  
Some o f  t h e  work on these  bear ings  can be found i n  r e f e r e n c e  9. 

Three p r o t r u s i o n s  a r e  on t h e  end o f  t h e  power p i s t o n  toward t h e  com- 
p r e s s i o n  space. These t h r e e  p r o t r u s i o n s  extend th rough  t h e  t h r e e  openings o f  
t h e  d i s p l a c e r  r o d  s p i d e r  when t h e  p i s t o n  i s  a t  t h e  inward end o f  i t s  s t r o k e .  
T h i s  f e a t u r e  was i n c o r p o r a t e d  w i t h  t h e  i n t e n t  o f  reduc ing  t h e  dead volume o f  
t h e  engine. 

The power p i s t o n  uses a c lea rance  seal  t o  reduce gas leakage. The c y l i n -  
de r  i n  which t h e  p i s t o n  r i d e s  i s  coated w i t h  chrome ox ide.  The i n s i d e  d iameter  
o f  t h e  power p i s t o n  c y l i n d e r  i s  5.722 mm (2.2528 i n . ) ,  and t h e  o u t s i d e  d iameter  
o f  t h e  p i s t o n  i s  5.718 mm (2.2514 i n . ) .  

The power p i s t o n  o f  t h e  RE-1000 w i t h  i t s  o r i g i n a l  s t e e l  mass weighed 
5.47 k g  (12.06 l b ) .  Other hardware a t tached  t o  t h e  power p i s t o n  weighed 504 g 
(1.11 l b ) .  T h i s  caused t h e  t o t a l  o s c i l l a t i n g  mass t o  be 5.97 kg (13.2 l b ) .  
S ince  t h i s  mass i s  n e a r l y  15 t imes as l a r g e  as t h e  mass o f  a d i s p l a c e r ,  t h e  
dynamics o f  t h e  engine a r e  d i c t a t e d  by t h e  i n e r t i a  o f  t h e  power p i s t o n .  The 
o p e r a t i n g  f requency o f  t h e  engine was approx ima te l y  equal  t o  t h e  n a t u r a l  f r e -  
quency o f  t h e  p i s t o n  mass rebounding a g a i n s t  t h e  gas s p r i n g  formed by t h e  
work ing  space. The bounce space i n  t h e  l a r g e  p ressu re  vessel  had a n e g l i g i b l e  

work ing  space volume. 
I e f f e c t  on t h e  f requency s i n c e  i t s  volume i s  about 100 t i m e s  as l a r g e  as t h e  

Cen te r ing  p o r t s .  - Since a f r e e - p i s t o n  S t i r l i n g  engine has no k inemat i c  
l i n k a g e  t o  c o n s t r a i n  t h e  mot ions o f  t h e  power p i s t o n  o r  t h e  d i s p l a c e r ,  a system 
i s  r e q u i r e d  t o  i n s u r e  t h a t  t h e  m i d p o i n t  o f  t h e  s t r o k e  o f  each o s c i l l a t i n g  p a r t  
s tays  a t  some f i x e d  l o c a t i o n  i n  t h e  engine. T h i s  i s  necessary t o  i n s u r e  t h a t  
t h e  p i s t o n  and d i s p l a c e r  do n o t  c o l l i d e  w i t h  one another  o r  w i t h  some p h y s i c a l  
l i m i t a t i o n  i n s i d e  o f  t h e  engine.  T h i s  system i s  needed even i f  t h e  hardware 
were a b l e  t o  be produced w i t h  p e r f e c t  dimensions because t h e  leakage p a s t  most 
o f  t h e  sea ls  i n  t h e  engine i s  n o t  symmetr ica l .  A power p i s t o n  w i l l  g e n e r a l l y  
t end  t o  d r i f t  i n t o  t h e  work ing  space, and i n  t h e  c o n f i g u r a t i o n  o f  t h e  RE-1000, 
t h e  d i s p l a c e r  w i l l  d r i f t  toward t h e  compression space. 

Leakage i n  t h e  engine i s  n o t  symmetrIca1 due t o  t h e  v a r i a t i o n  o f  t h e  
d e n s i t y  o f  t h e  work ing  f l u i d .  A s  an example, t h e  leakage o f  gas between t h e  
work ing  space and t h e  bounce space w i l l  be d iscussed.  SInce t h e  bounce space 
undergoes no h e a t i n g  o r  c o o l i n g  and t h e  change i n  volume i s  ve ry  sma l l  compared 
t o  t h e  t o t a l  volume o f  t h e  bounce space, t h e  p ressu re  i n  t h i s  space w i l l  be 
assumed t o  be c o n s t a n t .  The p ressu re  i n  t h e  work ing  space however undergoes a 
s i z e a b l e  p ressu re  v a r i a t i o n .  The equat ions d e s c r i b i n g  t h e  leakage between t h e  
two spaces i n d i c a t e  t h a t  t h e  v o l u m e t r i c  f l o w  o f  gas w i l l  be equal  i n  b o t h  
d i r e c t i o n s .  T h i s  f l o w  r a t e  i s  p r o p o r t i o n a l  t o  t h e  square o f  t h e  d i f f e r e n t i a l  
p ressu re  across t h e  l e a k  p a t h .  The d e n s i t y  o f  t h e  gas f l o w i n g  f rom t h e  work ing  
space t o  t h e  bounce space w I l l  be h i g h e r  than  t h e  f l o w  f rom t h e  bounce space t o  
t h e  work ing  space. There w i l l  be a n e t  mass f l o w  r a t e  f rom t h e  work ing  space 
t o  t h e  bounce space when t h e  two v o l u m e t r i c  f l o w  r a t e s  a r e  equal .  

When t h e  p i s t o n  i s  a t  m ids t roke ,  a smal l  p o r t  on t h e  s u r f a c e  o f  t h e  p i s t o n  
i s  a l i g n e d  w i t h  a smal l  p o r t  I n  t h e  c y l i n d e r  w a l l .  The a l ignment  o f  these . 
p o r t s  a l l o w s  t h e  work ing  space t o  communicate w i t h  t h e  bounce space. This  has 
t h e  e f f e c t  o f  f o r c i n g  t h e  engine t o  have no d i f f e r e n c e  between t h e  mean work ing  
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space p ressu re  and t h e  mean bounce space p ressu re  when t h e  engine i s  o p e r a t i n g .  
T h i s  c e n t e r i n g  p o r t  system has been ve ry  e f f e c t i v e  and t r o u b l e  f r e e  throughout  
t h e  t e s t i n g .  

A s i m i l a r  system e x i s t s  f o r  t h e  c e n t e r i n g  o f  t h e  d i s p l a c e r  s t r o k e .  I n  
t h e  case o f  t h e  d i s p l a c e r ,  p o r t s  a r e  a l i g n e d  a t  m i d s t r o k e  t h a t  l e t s  t h e  smal l  
i n t e r n a l  gas s p r i n g  communicate w i t h  t h e  l a r g e  bounce space o f  t h e  engine. 
T h i s  f o r c e s  t h e  p ressu re  o f  t h e  d i s p l a c e r  gas s p r i n g  t o  have i t s  p ressu re  equal  
t o  t h e  mean p ressu re  o f  t h e  engine when i t  i s  a t  t h e  c e n t e r  o f  i t s  s t r o k e .  
F i g u r e  16 shows a c ross  s e c t i o n  o f  t h e  d i s p l a c e r  c e n t e r i n g  p o r t  system. 

When t h e  engine i s  running,  t h e  cen te rs  o f  t h e  p i s t o n  and d i s p l a c e r  
s t r o k e s  w i l l  n o t  be a t  t h e  exac t  same p o s i t i o n s  as when t h e i r  r e s p e c t i v e  
c e n t e r i n g  p o r t s  a r e  a l i g n e d .  The d i s t a n c e  between t h e  c e n t e r  o f  t h e  s t r o k e  
and t h e  c e n t e r i n g  p o r t  p o s i t i o n  w i l l  va ry  f rom one d a t a  p o i n t  t o  another  
depending on t h e  o p e r a t i n g  c o n d i t i o n s .  I f  t h e  c e n t e r i n g  p o r t  system was made 
s t r o n g  enough t o  f o r c e  t h e  c e n t e r  o f  t h e  s t r o k e  t o  be a t  t h e  same p o s i t i o n  as 
t h e  c e n t e r i n g  p o r t ,  a l a r g e  l o s s  may be i n c u r r e d .  T h i s  l o s s  w i l l  be d iscussed 
l a t e r .  The power p i s t o n  o f  t h e  RE-1000 has a maximum s t r o k e  o f  4 . 3 5  cm 
(1.713 i n . ) .  
p i s t o n  i s  2 . 0 5  cm (0.807 i n . )  f r o m  t h e  bumpers t h a t  l i m i t  i t s  movement i n t o  t h e  
work ing  space. 
t i o n ,  t h e  p o s i t i o n s  o f  t h e  c e n t e r i n g  p o r t s  and o f  t h e  c e n t e r  o f  t h e  p i s t o n  
s t r o k e  were measured r e l a t i v e  t o  these bumpers. 

The c e n t e r i n g  p o r t  f o r  t h e  power p i s t o n  i s  a l i g n e d  when t h e  

Even though t h e  p i s t o n  does n o t  touch t h e  bumper d u r i n g  opera- 

D i s p l a c e r  number 1 has a maximum s t r o k e  o f  4 . 0 4  cm (1.591 i n . ) .  I t s  move- 
ment I s  l i m i t e d  by t h e  end o f  t h e  c y l i n d e r  a t  t h e  expansion space end o f  i t s  
s t r o k e  and by t h e  s p i d e r  t h a t  suppor ts  t h e  d i s p l a c e r  r o d  a t  t h e  compression 
space end o f  i t s  s t r o k e .  The c e n t e r i n g  p o r t  f o r  d i s p l a c e r  number 1 becomes 
a l i g n e d  when t h e  d i s p l a c e r  i s  1.90 cm (0.75 i n . )  f r o m  t h e  expansion space 
l i m i t  o f  i t s  movement. The dimensions f o r  d i s p l a c e r  number 2 a r e  5.18 cm 
( 2 . 0 3 9  i n . )  f o r  t h e  maximum s t r o k e  and 2 . 6 4  cm ( 1 . 0 4  i n . )  f rom t h e  end o f  i t s  
p o s s i b l e  movement t o  t h e  c e n t e r i n g  p o r t  p o s i t i o n .  Table 111 l i s t s  t h e  volumes 
i n  t h e  engine w i t h  b o t h  t h e  power p i s t o n  and t h e  d i s p l a c e r  a t  t h e i r  r e s p e c t i v e  
c e n t e r  p o r t  p o s i t i o n s .  Loca t ions  o f  t h e  d i f f e r e n t  volumes a r e  shown i n  
f i g u r e  17. 

Each o f  these c e n t e r i n g  p o r t  systems has some l o s s  assoc ia ted  w i t h  i t .  
T h i s  l o s s  occurs i n  t h e  f o r m  o f  gas f l o w i n g  f r o m  t h e  h i g h e r  p ressu re  s i d e  o f  
t h e  p o r t  t o  t h e  low p ressu re  s i d e  o f  t h e  p o r t  each t i m e  t h e  p o r t  opens. For 
t h e  d i s p l a c e r  c e n t e r i n g  p o r t  system t h i s  l o s s  should n o t  be t o o  g r e a t .  The 
reason f o r  t h i s  i s  t h a t  t h e  p ressu re  i n  t h e  gas s p r i n g  o f  t h e  d i s p l a c e r  should 
be t h e  same a t  b o t h  t imes t h e  p o r t  opens d u r i n g  a c y c l e  i f  t h e r e  i s  no leakage 
and t h e  s p r i n g  has l i t t l e  h y s t e r e s i s .  The c e n t e r i n g  p o r t  o f  t h e  d i s p l a c e r  
should o n l y  f l o w  enough gas t o  c o r r e c t  f o r  some s l i g h t  leakage and a s l i g h t  
h y s t e r e s i s  i n  t h e  s p r i n g .  The power p i s t o n  c e n t e r i n g  p o r t ,  on t h e  o t h e r  hand, 
may have a g r e a t  amount o f  l o s s  a s s o c i a t e d  w i t h  i t . The reason f o r  t h e  l o s s  
i s  t h a t  t h e  p ressu re  i n  t h e  work ing  space a t  t h e  two t imes d u r i n g  an engine 
c y c l e  t h a t  t h e  p o r t s  open i s  n o t  n e a r l y  equal .  One opening occurs when t h e  
power p i s t o n  i s  i n  t h e  process o f  compressing t h e  work ing  f l u i d  and t h e  o t h e r  
opening occurs when t h e  power p i s t o n  i s  expanding t h e  work ing  f l u i d .  Dur ing  
t h e  compression s t r o k e  most o f  t h e  work ing  f l u i d  i s  i n  t h e  r e l a t i v e l y  c o o l  
compression space w h i l e  d u r i n g  t h e  expansion s t r o k e  most o f  t h e  work ing  f l u i d  
i s  i n  t h e  r e l a t i v e l y  h o t  expansion space. A t  one opening o f  t h e  c e n t e r i n g  
p o r t s  t h e  work ing  space p ressu re  w i l l  be much g r e a t e r  t han  t h e  bounce space 
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pressure,  w h i l e  a t  t h e  o t h e r  opening o f  t h e  c e n t e r i n g  p o r t s  t h e  p ressu re  i n  t h e  
work ing  space w i l l  be much l e s s  than  t h e  p ressu re  i n  t h e  bounce space. The 
r e s u l t  i s  t h a t  t h e r e  i s  gas f l o w i n g  f r o m  t h e  work ing  space t o  t h e  bounce space 
a t  one opening o f  t h e  p o r t s  and gas f l o w i n g  i n  t h e  oppos l te  d i r e c t i o n  a t  t h e  
o t h e r  opening o f  t h e  p o r t s .  These two s i t u a t i o n s  a r e  diagramed i n  f i g u r e  18. 
For these  reasons i t  i s  i m p o r t a n t  t o  have t h e  c e n t e r i n g  p o r t  systems o f  an 
engine no b i g g e r  than  i s  needed t o  m a i n t a i n  p roper  o p e r a t i o n .  

I n  t h e  RE-1000 t e s t s  were done t o  determine t h e  b e s t  s t r e n g t h  o f  t h e  
c e n t e r i n g  p o r t  system f o r  t h e  power p i s t o n .  The p i s t o n  o r i g i n a l l y  had f o u r  
c e n t e r i n g  p o r t s .  Each p o r t  was a 1.14 mm (0.045 i n . )  h o l e .  Data was recorded 
w i t h  f r o m  one t o  f o u r  o f  t h e  p o r t s  o p e r a t i o n a l .  When o n l y  one p o r t  was 
working, t h e  power p i s t o n  tended t o  ope ra te  f a r  i n  toward t h e  work ing  space and 
would a lmost  n o t  open t h e  c e n t e r i n g  p o r t s  a t  a l l .  
increased,  t h e  p i s t o n  r a n  more centered around t h e  c e n t e r i n g  p o r t s  b u t  t h e  
l osses  i nc reased .  The b e s t  combinat ion found was w i t h  two o f  t h e  f o u r  o r i g i n a l  
c e n t e r i n g  p o r t s  i n  o p e r a t i o n .  

A s  t h e  number o f  p o r t s  was 

Leak pa ths .  - There a r e  seve ra l  l e a k  paths i n  t h e  RE-1000 t h a t  should be 
i n c l u d e d  i n  any model t o  i n s u r e  p roper  s i m u l a t i o n .  Leak paths t h a t  a l l o w  t h e  
gas i n  t h e  work ing  space t o  l e a k  t o  and f r o m  t h e  bounce space w i l l  be d i s -  
cussed. Not o n l y  a r e  these  l e a k  paths n o t  obvious a t  f l r s t  l o o k  a t  t h e  engine, 
but t h e  number of paths t h a t  a r e  l e a k i n g  a c t u a l l y  changes d u r i n g  t h e  engine 
c y c l e .  

F i g u r e  19 shows t h e  l e a k  paths t h a t  i n v o l v e  t h e  power p i s t o n  and i t s  
c y l i n d e r .  I n  t h e  p o s i t i o n  t h a t  t h e  p i s t o n  i s  shown i n  f i g u r e  19 (a )  t h e r e  a r e  
t h r e e  d i f f e r e n t  l e a k  paths f o r  t h e  gas t o  use. The s h o r t e s t  p a t h  and t h e r e f o r e  
t h e  p a t h  t h a t  p robab ly  a l l o w s  t h e  most leakage, i s  t h e  p a t h  t h a t  connects t h e  
p o r t  i n  t h e  p i s t o n  t o  t h e  p o r t  i n  t h e  c y l i n d e r  w a l l .  T h l s  p a t h  I s  designated 
as p a t h  1 i n  f i g u r e  1 9 ( a ) .  The l e n g t h  o f  t h i s  p a t h  changes as t h e  p i s t o n  moves 
d u r i n g  o p e r a t i o n  o f  t h e  engine. Path 2 connects t h e  work ing  space t o  t h e  
c e n t e r i n g  p o r t  i n  t h e  c y l i n d e r  w a l l .  Th i s  p o r t  i n  t h e  c y l j n d e r  w a l l  i s  always 
a t  t h e  bounce space p ressu re  l e v e l .  The l e n g t h  o f  t h i s  l e a k  p a t h  a l s o  changes 
d u r i n g  t h e  engine c y c l e  as t h e  p i s t o n  moves. Leak p a t h  3 connects t h e  
c e n t e r i n g  p o r t  o f  t h e  p i s t o n  t o  t h e  bounce space w i t h o u t  go lng  th rough  t h e  
c e n t e r i n g  p o r t  i n  t h e  c y l i n d e r  w a l l .  Care must be taken t o  r e a l i z e  t h a t  w h i l e  
t h e  p i s t o n  i s  on t h e  o u t e r  h a l f  of i t s  s t r o k e  as i s  shown i n  f i g u r e  19 (a ) ,  
t h e r e  a r e  t h r e e  separate l e a k  paths,  b u t  when t h e  p i s t o n  i s  on t h e  i n n e r  h a l f  
o f  i t s  s t r o k e  t h e r e  i s  o n l y  one l e a k  pa th .  Leak paths 2 and 3 do n o t  l e a k  
because t h e  c e n t e r i n g  p o r t  o f  t h e  p i s t o n  i s  on t h e  work ing  space s i d e  o f  t h e  
c e n t e r i n g  p o r t  o f  t h e  c y l i n d e r  w a l l .  There w i l l  be no leakage between t h e  
work ing  space and t h e  p i s t o n  c e n t e r i n g  p o r t  because they  a r e  b o t h  a t  t h e  
work ing  space p ressu re .  S i m i l a r l y  t h e r e  w i l l  be no leakage between t h e  bounce 
space and t h e  c y l i n d e r  c e n t e r i n g  p o r t  because they  a r e  b o t h  a t  t h e  same 
p ressu re .  A two d imensional  d e s c r i p t i o n  o f  t h e  l e a k  paths p a s t  t h e  power 
p i s t o n  i s  g i v e n  i n  f i g u r e  20. The paths a r e  shown f o r  b o t h  ha lves o f  t h e  
engine c y c l e .  

A s i m i l a r  s i t u a t i o n  e x i s t s  f o r  t h e  d i s p l a c e r  c e n t e r i n g  p o r t  system. I n  
t h i s  case, t h e r e  i s  leakage t h a t  i n v o l v e s  t h r e e  d i f f e r e n t  gas volumes. When 
t h e  d i s p l a c e r  3s on t h e  h a l f  o f  i t s  s t r o k e  toward t h e  compression space, t h e r e  
a r e  t h r e e  l e a k  paths as shown i n  f i g u r e  1 6 ( a ) .  Leak p a t h  1 connects t h e  . 
c e n t e r i n g  p o r t  i n  t h e  d l s p l a c e r  bo re  t o  t h e  c e n t e r i n g  p o r t  i n  t h e  d i s p l a c e r  
rod.  Th is  a l l o w s  gas t o  l e a k  between t h e  d i s p l a c e r  gas s p r i n g  and t h e  main 
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bounce space. 
t h e  d i s p l a c e r  bore.  
t h e  d i s p l a c e r  gas s p r i n g .  Leak p a t h  3 connects t h e  d i s p l a c e r  gas s p r i n g  t o  
t h e  p o r t s  i n  t h e  d i s p l a c e r  rod.  T h i s  l e a k  p a t h  a l l o w s  leakage i n  a p a r a l l e l  
p a t h  t o  l e a k  p a t h  1.  As  was t h e  case w i t h  t h e  power p i s t o n ,  t h e  number of l e a k  
pa ths  i n  e x i s t e n c e  changes d u r i n g  t h e  engine c y c l e .  Leak p a t h  2 changes t o  
l e a k  between t h e  compression space and t h e  main engine bounce space when t h e  
d i s p l a c e r  has moved t o  t h e  expansion space as shown i n  f i g u r e  1 6 ( b ) .  
of l e a k  p a t h  3 connect t h e  same volume when t h e  d i s p l a c e r  has moved t o  t h e  
expansion space and t h e r e f o r e  has no leakage. 

Leak p a t h  2 connects t h e  work ing  space t o  t h e  c e n t e r i n g  p o r t  i n  
Th is  a l l o w s  leakage o f  gas between t h e  work ing  space and 

Both ends 

Dashpot load.  - The RE-1000 was b u i l t  w i t h  a smal l  dashpot as a l o a d  f o r  
S ince t h e  purpose o f  t h e  t e s t i n g  was n o t  t o  do research  on power t h e  engine. 

o u t p u t  conve rs ion  dev ices,  t h e  dashpot l o a d  system was w e l l  s u i t e d .  The dash- 
p o t  l o a d  d e v i c e  can be seen i n  f i g u r e s  1 and 21 near t h e  t o p  o f  t h e  engine. 
The dashpot was made w i t h  a carbon p i s t o n  i n s i d e  o f  a c y l i n d e r  t h a t  would pump 
gas i n  t h e  bounce space back and f o r t h  th rough  an o r i f i c e .  
was a d j u s t e d  d u r i n g  each t e s t  t o  change t h e  l e v e l  o f  t h e  l oad .  The adjustment  
was accompl ished by r o t a t i n g  a v a l v e  stem t h a t  had a 3" t a p e r .  The v a l v e  stem 
was r o t a t e d  by means o f  an e l e c t r i c  motor t h a t  can be c a l l  o u t  a t  t h e  t o p  o f  
t h e  engine i n  f i g u r e  21. T h i s  load, b e i n g  a damping dev i ce ,  produced a f o r c e  
r e s i s t i n g  t h e  p i s t o n  mo t ion  t h a t  was n e a r l y  p r o p o r t i o n a l  t o  t h e  square o f  t h e  
p i s t o n  v e l o c i t y .  A water  j a c k e t  was formed around t h e  dashpot c y l i n d e r  t o  c o o l  
t h e  l o a d  dev i ce .  

The o r i f i c e  s i z e  

DESCRIPTION OF THE FACILITY 

The RE-1000 t e s t  f a c i l i t y  was b u i l t  t o  supply  a l l  o f  t h e  suppor t  systems 
needed t o  c a r r y  o u t  t h e  research program. The f a c i l i t y  had a h i g h  pressure,  
15.5 MPa, (2250 p s i )  gas system t o  supply  t h e  work ing  f l u i d  t o  t h e  engine, a 
water  system t o  c o o l  t h e  engine, and a dc e l e c t r i c  power supply  system t o  hea t  
t h e  engine. Along w i t h  these systems, a h i g h  speed d a t a  system was b u i l t  t o  
h e l p  i n  t h e  d a t a  g a t h e r i n g  process. Each o f  these systems w i l l  be desc r ibed  
i n  d e t a i l .  A s imp le  schematic o f  t h e  f a c i l i t y  systems and some o f  t h e  i n s t r u -  
m e n t a t i o n  b u i l t  i n t o  t h e  systems i s  shown i n  f i g u r e  21. 

The gas system was designed w i t h  t h e  a b i l i t y  t o  charge t h e  engine w i t h  
hel ium, hydrogen, n i t r o g e n ,  o r  argon. The supply  p ressu re  t o  t h e  engine was 
s e t  w i t h  a remote c o n t r o l  p ressu re  r e g u l a t o r .  The f l o w  o f  gas i n t o  o r  o u t  o f  
t h e  engine was c o n t r o l l e d  by mo to r i zed  needle va l ves  i n  t h e  supply  and ven t  
l i n e s  r e s p e c t i v e l y .  To s t a r t  t h e  engine, a p a i r  o f  s o l e n o i d  va lves a l t e r n a -  
t i v e l y  connected t h e  h i g h  p ressu re  supply  l i n e  o r  t h e  low p ressu re  ven t  l i n e  
d i r e c t l y  t o  t h e  work ing  space. The gas pu lses  would s t a r t  t h e  d i s p l a c e r  and 
power p i s t o n  i n  mot ion.  I f  t h e  mo t ion  was g r e a t  enough, t h e  engine c y c l e  would 
c o n t i n u e  t o  operate.  

The water  c o o l i n g  system c o n s i s t e d  o f  two separate systems. An open loop  
system was used t o  c o o l  t h e  dashpot l o a d  dev i ce .  Th is  system had no temper- 
a t u r e  c o n t r o l .  A c losed  l o o p  water  system was used t o  c o o l  t h e  engine com- 
p r e s s l o n  space. Th is  water  system was f i l l e d  w i t h  d i s t i l l e d  water .  A hea t  
exchanger w i t h  a feedback system c o n t r o l l e d  t h e  temperature o f  t h i s  water  l oop .  
Water temperature v a r i e d  d u r i n g  t h e  t e s t s  f r o m  25 t o  55 OC. Temperatures and 
f l o w  r a t e s  were measured i n  b o t h  systems t o  a l l o w  t h e  c a l c u l a t i o n  o f  heat  
r e j e c t i o n  r a t e s  o f  t h e  engine. 
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The engine h e a t e r  power supply  system c o n s i s t e d  o f  two Sorensen e l e c t r i c  
power s u p p l i e s  connected i n  p a r a l l e l .  Each power supply  u n i t  had t h e  c a p a b i l -  
i t y  o f  d e l i v e r i n g  1000 A o f  d i r e c t  c u r r e n t  t o  t h e  engine. The two power 
s u p p l i e s  were r e g u l a t e d  by an automat ic  c o n t r o l l e r  which used a thermocouple on 
one o f  t h e  engine hea te r  tubes as feedback. The hea te r  temperature was v a r i e d  
f rom 450 t o  600 O C  d u r i n g  t h e  engine t e s t s .  The c o n t r o l  room f o r  t hese  systems 
i s  shown i n  f i g u r e  22. 

D E S C R I P T I O N  OF THE INSTRUMENTATION 

Since t h e  purpose o f  t hese  t e s t s  was t o  c o l l e c t  d e t a i l e d  da ta  on t h e  
dynamics and thermodynamics o f  t h e  f r e e - p i s t o n  S t i r l i n g  engine, a v a r i e t y  o f  
d i a g n o s t i c  i n s t r u m e n t a t i o n  was i n s t a l l e d .  I n  a l l  cases, t h e  i n s t r u m e n t a t i o n  
was designed t o  have as l i t t l e  impact on t h e  o p e r a t l o n  o f  t h e  engine as 
p o s s i b l e .  

A l l  o f  t h e  temperatures were measured w i t h  t y p e  K (Chromel-Alumel) thermo- 
couples.  Twelve h e a t e r  t ube  temperatures were recorded f o r  da ta  use; t h e i r  
average was used t o  s e t  t h e  d e s i r e d  t e s t  c o n d i t i o n s .  S i x  o f  t h e  h e a t e r  t ube  
temperatures were measured a t  t h e  q u a r t e r - l e n g t h  p o i n t  a t  t h e  expansion space 
end o f  t h e  h e a t e r  tube, w h i l e  t h e  o t h e r  s i x  temperatures were measured a t  t h e  
q u a r t e r - l e n g t h  p o i n t  o f  t h e  hea te r  tube near t h e  regenera to r  end o f  t h e  tube. 
The thermocouples a t tached  t o  t h e  hea te r  tubes were c losed  b a l l  and unsheathed. 
Thermocouples were added on t h e  o u t e r  w a l l  o f  t h e  regenera to r  t o  a i d  i n  t h e  
c a l c u l a t i o n  o f  conduc t ion  l osses .  The l o c a t i o n s  o f  t h e  thermocouples i n s t a l l e d  
on t h e  h e a t e r  head a r e  shown i n  f i g u r e  23. These regenera to r  w a l l  thermo- 
couples were c l o s e d  b a l l  and sheathed. 

Thermocouples used t o  measure t h e  temperature r i s e  o f  t h e  water  as i t  
passed th rough  t h e  engine c o o l e r  o r  t h rough  t h e  dashpot c o o l e r  were i n s t a l l e d  
i n  a d i f f e r e n t i a l  temperature c o n f i g u r a t i o n .  T h i s  produced a s i g n a l  p ropor -  
t i o n a l  t o  t h e  temperature r i s e  o f  t h e  wa te r .  The thermocouples were matched 
p a i r s  t o  i n s u r e  accuracy.  These thermocouples were used I n  a d d i t l o n  t o  t h e  
ones used t o  measure t h e  water  i n l e t  temperature and t h e  water  o u t l e t  tempera- 
t u r e  because they  g i v e  a more a c c u r a t e  r e a d i n g  o f  t h e  d i f f e r e n t i a l  temperature.  
Both t h e  i n l e t  and o u t l e t  temperatures were es t ima ted  t o  have a p robab le  e r r o r  
o f  1 " C  compared t o  0.2 " C  f o r  t h e  temperature d i f f e r e n t i a l  measurement. 

A dynamic p ressu re  measurement was made i n  t h e  compression space. T h i s  
measurement was used a l o n g  w i t h  a measurement o f  power p i s t o n  mo t ion  t o  ca l cu -  
l a t e  t h e  i n d i c a t e d  power o f  t h e  engine. A dynamic p ressu re  measurement was 
a l s o  made o f  t h e  gas s p r i n g  i n s i d e  o f  d i s p l a c e r  2. As was mentioned e a r l i e r ,  
t h e  p a t h  t h a t  t h e  gas p ressu re  wave t r a v e l e d  caused a s l l g h t  phase s h i f t  of t h e  
s i g n a l  b u t  a n e g l i g i b l e  amount o f  a t t e n u a t i o n .  

A g r e a t  amount o f  work was done t o  develop techniques f o r  accu ra te  
measurement o f  t h e  dynamic p ressu re  d rop  across each o f  t h e  heat  exchangers. 
Due t o  p h y s i c a l  l i m i t a t i o n s  i n  t h e  i n s t a l l a t i o n  o f  t h e  i n s t r u m e n t a t i o n ,  
measurements across t h e  c o o l e r ,  t h e  regenera to r ,  and across t h e  e n t i r e  heat  
exchanger c i r c u i t  were made. 
c h a r a c t e r i s t i c s  o f  t h e  tubes t h a t  connected t h e  t ransducers  t o  t h e  engine. 
Each tube was s i z e d  t o  p r o v i d e  t h e  same a c u s t i c  response on b o t h  s ides  o f  t h e  
t ransducers .  C o r r e c t i o n s  i n  t h e  l e n g t h  o f  t h e  l i n e s  were made t o  compensate 
f o r  d i f f e r e n c e s  i n  t h e  tube  d iameters and t h e  gas temperatures.  Tests 

Spec ia l  a t t e n t i o n  was g i v e n  t o  t h e  response 
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performed a t  NASA Lewis i n d i c a t e d  t h a t  t h e  t ransducers  had i n s l g n i f i c a n t  
s e n s i t i v i t y  t o  mean p ressu re  l e v e l  b u t  were a f f e c t e d  by t h e  temperature o f  
o p e r a t i o n .  The t ransducer  bodies were t h e r e f o r e  water  cooled so  t h a t  t h e  
t ransducer  would m a i n t a i n  a cons tan t  o p e r a t i n g  temperature.  

The t ransducers  i n s t a l l e d  t o  measure t h e  dynamic p ressu re  drops d u r i n g  
engine o p e r a t i o n  were a l s o  used t o  measure s t e a d y - s t a t e  p ressu re  drops.  
Because these t e s t s  were r u n  a t  s teady -s ta te  c o n d i t i o n s ,  t h e  da ta  i s  r e p o r t e d  
i n  t h e  form o f  c o o l e r  p ressu re  drop, regenera to r  p ressu re  drop, and hea te r  
p ressu re  drop. 
of t h e  t o t a l  p ressu re  drop minus t h e  regenera to r  and c o o l e r  p ressu re  drops.  
Th is  same c a l c u l a t i o n  was n o t  done f o r  t h e  measurements o f  t h e  dynamic p ressu re  
drops d u r i n g  o p e r a t i o n  o f  t h e  engine. The reason i s  t h a t  w h i l e  g r e a t  ca re  was 
taken t o  i n s u r e  t h a t  t h e  response was equal f o r  b o t h  l i n e s  f e e d i n g  any i n d i v i d -  
u a l  t ransducer ,  t h i s  does n o t  guarantee t h a t  t h e  response o f  t h e  two l i n e s  
feed ing  one t ransducer  i s  t h e  same as t h e  response o f  t h e  two l i n e s  f e e d i n g  
another  t ransducer .  A l though any two t ransducers  may i n  f a c t  measure t h e  
p ressu re  d rop  p r o p e r l y ,  t h e r e  was no a t tempt  made t o  synchronize one t ransducer  
w i t h  ano the r .  The reasons n o t  t o  s u b t r a c t  one p ressu re  drop measurement f r o m  
another  becomes even more apparent when i t  i s  r e a l i z e d  t h a t  t h e  a c t u a l  p ressu re  
drops i n  t h e  hea t  exchangers a r e  n o t  n e c e s s a r i l y  i n  phase w i t h  one ano the r .  

The hea te r  p ressu re  drop was c a l c u l a t e d  f r o m  t h e  measurement 

The d i s p l a c e r  and power p i s t o n  p o s i t i o n s  and t h e  power p i s t o n  v e l o c i t y  
were measured. The power p i s t o n  p o s i t i o n  and v e l o c i t y  were measured d i r e c t l y  
by a LVDT, and LVT ( l i n e a r  v e l o c i t y  t r a n s d u c e r ) ,  r e s p e c t i v e l y .  The d i s p l a c e r  
p o s i t i o n  cannot be measured d i r e c t l y ,  s i n c e  t h e  d i s p l a c e r  i s  comp le te l y  
enclosed i n  t h e  work ing  space. The d i s p l a c e r  p o s i t i o n  was measured r e l a t i v e  t o  
t h e  power p i s t o n  p o s i t i o n  w i t h  t h e  c o r e  o f  t h e  LVDT a t tached  t o  t h e  d i s p l a c e r  
and t h e  windings o f  t h e  LVDT b u i l t  i n s i d e  o f  t h e  power p i s t o n .  The s i g n a l  f rom 
t h e  w ind ings  i n s i d e  o f  t h e  power p i s t o n  was c a r r i e d  a l o n g  w i r e s  f rom t h e  moving 
p i s t o n  t h a t  had t o  f l e x  as t h e  p i s t o n  moved. These w i r e s  were supported by a 
p i e c e  o f  music w i r e  0.254 mm (0.010 i n . )  i n  d iameter .  

To o b t a l n  t h e  a b s o l u t e  d i s p l a c e r  p o s i t i o n  s i g n a l ,  t h e  power p i s t o n  p o s i -  
t i o n  had t o  be sub t rac ted  f r o m  t h e  d i s p l a c e r  s i g n a l .  An e l e c t r i c  analog 
c i r c u i t  performed t h e  s u b t r a c t i o n  o f  t h e  s i g n a l s  f rom t h e  LVDTs. The c i r c u i t  
a l s o  measured t h e  peak va lues o f  t h e  signals t o  produce a measurement o f  t h e  
p i s t o n  and d i s p l a c e r  s t r o k e s .  

A c r y s t a l - t y p e  f o r c e  t ransducer  was mounted i n  t h e  l i n k  t h a t  connected 
t h e  power p i s t o n  t o  t h e  dashpot load.  
t h e  power p i s t o n ,  a w i r e  system s i m i l a r  t o  t h e  one used f o r  t h e  d i s p l a c e r  

S ince t h e  f o r c e  t ransducer  moves w i t h  

s i g n a l  t o  s i g n a l  had t o  be i n c o r p o r a t e d  t o  r e l a y  t h e  f o r c e  t ransducer  o u t p u t  
t h e  d a t a  system. Th is  dynamic measurement o f  t h e  r e s i s t a n c e  f o r c e  
a p p l i e d  t o  t h e  power p i s t o n  by t h e  dashpot was used i n  an ana log  c 
w i t h  t h e  power p i s t o n  v e l o c i t y  t o  c a l c u l a t e  t h e  brake power o u t p u t  
engine.  The equa t ion  used t o  c a l c u l a t e  t h e  power o u t p u t  was 

be ing  
r c u i t  a 
o f  t h e  

F V  C O S  e 
2 b rake  power = 

where 
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F 
V amp l i t ude  o f  t h e  p i s t o n  v e l o c i t y  s i g n a l  
e phgse a n g l e  between F and V s i g n a l s  

amp l i t ude  o f  t h e  f o r c e  s i g n a l  

An e r r o r  a n a l y s i s  method o u t l i n e d  i n  r e f e r e n c e  11 was a p p l i e d  t o  t h i s  c a l c u l a -  
t i o n  o f  power. The r e s u l t a n t  p robab le  e r r o r  was found t o  be 3 pe rcen t  a t  t h e  
engine des ign  c o n d i t i o n s ,  assuming t h a t  a l l  o f  t h e  i n p u t  s i g n a l s  ma in ta ined  
t h e i r  i n d i v i d u a l  accu rac ies .  The i n d i c a t e d  power o u t p u t  o f  t h e  engine was 
c a l c u l a t e d  i n  a s i m i l a r  manner t o  t h a t  used f o r  t h e  brake power ou tpu t .  
dynamic compression space p ressu re  was measured w i t h  a c r y s t a l  t y p e  f a s t  
response p ressu re  t ransducer .  The equa t ion  used was 

The 

PAV C O S  e 
2 i n d i c a t e d  power = 

where 

P amp l i t ude  o f  t h e  compression space p ressu re  s i g n a l  
A a rea  o f  t h e  power p i s t o n  
V amp l i t ude  o f  t h e  p i s t o n  v e l o c i t y  s i g n a l  
e phase ang le  between P and V 

The same e r r o r  a n a l y s i s  method was a p p l i e d  t o  t h i s  c a l c u l a t i o n  and t h e  r e s u l t -  
a n t  p robab le  e r r o r  was found t o  be 3 pe rcen t .  Once again,  t h i s  assumes t h a t  
a l l  o f  t h e  i n p u t  s i g n a l s  ma in ta ined  t h e i r  i n d i v i d u a l  accu rac ies .  Both t h e  
i n d i c a t e d  power c a l c u l a t i o n  and t h e  brake power c a l c u l a t i o n  were recorded by 
t h e  d a t a  system. 

Two phase a n g l e  meters were u t i l i z e d  i n  t h e  d a t a  system. One o f  t h e  
meters measured t h e  phase ang le  between t h e  power p i s t o n  and t h e  d l s p l a c e r  
p o s i t i o n s .  
power p i s t o n  p o s i t i o n  and t h e  compression space p ressu re  wave. The mot ions o f  
t h e  power p i s t o n  and t h e  d i s p l a c e r  were n o t  pu re  s i n e  waves, and t h e  p ressu re  
v a r i a t i o n  i n  t h e  compression space a l s o  had some h i g h e r  harmonic con ten t .  By 
s t r i c t  d e f i n i t i o n ,  t h e r e  can be no measurement o f  a phase ang le  between two 
s i g n a l s  t h a t  a r e  n o t  pu re  s i n e  waves. By d e s c r i b i n g  t h e  measured mo t ion  o f  t h e  
power p i s t o n  i n  a F o u r i e r  s e r i e s  i t  was found t h a t  app rox ima te l y  97 pe rcen t  o f  
t h e  p i s t o n  mo t ion  i s  due t o  t h e  30 Hz  fundamental f requency o f  t h e  engine. The 
o t h e r  3 pe rcen t  o f  t h e  mo t ion  was con ta ined  i n  t h e  h i g h e r  harmonics. I n  t h e  
case o f  t h e  d i s p l a c e r  mot ion,  95 pe rcen t  o f  t h e  mo t ion  i s  i n  t h e  fundamental 
f requency t e r m  and t h e  remain ing 5 pe rcen t  i s  i n  t h e  h i g h e r  harmonics. The 
phase angles presented i n  these da ta  rep resen t  t h e  t i m e  i n t e r v a l  between t h e  
p o s i t i v e  go ing  zero c ross ings  o f  t h e  two s i g n a l s .  The ou tpu ts  f rom b o t h  o f  
these meters were checked a g a i n s t  o t h e r  methods o f  measuring t h e  phase angles 
and found t o  be accu ra te .  The ou tpu ts  f rom these meters were f e d  i n t o  t h e  da ta  
system and appear on t h e  da ta  ou tpu t .  

The o t h e r  phase ang le  meter measured t h e  phase ang le  between t h e  

A d iagram showing t h e  l o c a t i o n  o f  most o f  t h e  i n s t r u m e n t a t i o n  on t h e  
engine I s  presented i n  f i g u r e  24. A l i s t i n g  o f  a l l  o f  t h e  i n s t r u m e n t a t i o n  used 
i n  t h e  t e s t s  i s  g i v e n  i n  t a b l e  I V .  The number l o c a t e d  near each p i  ce o f  

be used t o  i n s t r u m e n t a t i o n  kepresented i n  f i g u r e  24 i s  an i t e m  number t h a t  can 
i d e n t i f y  t h e  i n s t r u m e n t a t i o n  l i s t i n g  i n  t a b l e  I V .  

Data was recorded by two d i f f e r e n t  systems d u r i n g  t h e  s e n s i t i v  
The NASA Lewis E s c o r t  system was used f o r  t h e  s teady -s ta te  da ta  and 
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system was i n s t a l l e d  i n  t h e  c o n t r o l  room f o r  r e c o r d i n g  t h e  dynamic data.  
o f  t h e  da ta  s i g n a l s  were t r a n s m i t t e d  t o  t h e  E s c o r t  d a t a  system. 
system i s  a microcomputer-based d i g i t a l  d a t a  r e c o r d i n g  and d i s p l a y  system 
in tended  f o r  s teady -s ta te  use. 
p e r  second p e r m i t s  t h e  use o f  m u l t i p l e  scans, which a r e  averaged f o r  each da ta  
p o i n t  recorded. 
p e r i o d .  C a l c u l a t i o n s  a r e  performed t o  i n d i c a t e  t h e  s t a t i s t i c a l  v a r i a t i o n  o f  
each channel recorded over  t h e  t o t a l  number o f  scans. 

Most 
The Esco r t  

The sampl ing r a t e  o f  app rox ima te l y  5000 samples 

The d a t a  system uses f i v e  scans o f  d a t a  recorded over  a 1 5  sec 

The E s c o r t  system has t h e  a b i l i t y  t o  c o n v e r t  m i l l i v d l t  s i g n a l s  t o  eng i -  
The system can do any prede- n e e r i n g  u n i t s  w i t h  p r e p r o g r a m e d  c a l i b r a t i o n s .  

f i n e d  c a l c u l a t i o n s  w i t h  t h e  parameters and d i s p l a y  t h e  r e s u l t s  on e i t h e r  a s e t  
o f  l i g h t  e m i t t i n g  diodes (LED) o r  on a p r e p r o g r a m e d  cathode r a y  tube  ( C R T )  
d i s p l a y .  There were 15 LEDs a v a i l a b l e  f o r  t hese  t e s t s .  The CRT c o u l d  be 
programmed t o  have many d i f f e r e n t  d i s p l a y s ,  o r  pages, t h a t  c o u l d  be viewed 
d u r i n g  t h e  t e s t  sess ions.  An i m p o r t a n t  f e a t u r e  o f  t h e  E s c o r t  system was i t s  
a b i l i t y  t o  do l i m i t  check ing d u r i n g  t h e  t e s t s .  The system c o u l d  check f o r  h i g h  
o r  low l i m i t s  o f  any o f  t h e  d a t a  channels o r  c a l c u l a t e d  parameters, and then  
p r o v i d e  e i t h e r  a warn ing o f  l i m i t s  v i o l a t i o n  o r  p e r f o r m  some p r e d e f i n e d  a c t i o n ,  
such as t h e  i n i t i a t i o n  o f  a shutdown procedure.  Both t h e  LEDs and t h e  two CRTs 
can be seen i n  t h e  c o n t r o l  room i n  f i g u r e  22. 
system may be found i n  r e f e r e n c e  12. 

More i n f o r m a t j o n  on t h e  E s c o r t  

Whi le  t h e  E s c o r t  system was a b l e  t o  handle t h e  s t e a d y - s t a t e  da ta  channels,  
i t  d i d  n o t  f u l f i l l  t h e  sample t i m e  requi rements t o  r e c o r d  dynamic da ta  chan- 
n e l s .  The dynamic d a t a  were handled by seve ra l  d i f f e r e n t  methods. Phase 
angles were measured w i t h  phase ang le  meters.  The i n p u t s  t o  these  meters were 
t h e  dynamic engine parameters f r o m  t h e  LVDTs and t h e  compression space p ressu re  
t ransducer .  
d a t a  system. The measurements o f  t h e  p i s t o n  s t roke ,  t h e  d i s p l a c e r  s t r o k e ,  and 
t h e  c a l c u l a t i o n s  o f  t h e  i n d i c a t e d  and brake power l e v e l s  were performed by 
ana log  e l e c t r o n i c  c i r c u i t s .  
accuracy by comparing t h e i r  measurements t o  measurements made by o t h e r  methods 
and were found t o  be accu ra te .  
l a r l y  t o  i n s u r e  accuracy was mainta ined.  

The o u t p u t  f r o m  these meters was used as an i n p u t  t o  t h e  Esco r t  

The analog e l e c t r o n i c  c i r c u i t s  were checked f o r  

These analog c i r c u i t s  were r e c a l i b r a t e d  regu- 

A l l  o f  t h e  dynamic s i g n a l s  were reco rded  f o r  each da ta  p o i n t  on a 
Honeywell  V i s l c o r d e r .  The parameters recorded on t h e  V i s l c o r d e r  a r e  i n d i c a t e d  
as such i n  t a b l e  I V .  Some da ta  r e d u c t i o n  was performed w i t h  t h e  o u t p u t  f r o m  
t h e  r e c o r d e r  a f t e r  each t e s t  run .  The measurements r e s u l t i n g  f r o m  t h i s  o u t p u t  
i n c l u d e  t h e  ampl i tudes o f  t h e  t h r e e  d i f f e r e n t i a l  p ressu re  t ransducers,  t h e  
a m p l i t u d e  o f  t h e  compression space p ressu re  wave, t h e  c e n t e r  p o s i t i o n  o f  b o t h  
t h e  d i s p l a c e r  and power p i s t o n  s t r o k e s ,  and t h e  amp l i t ude  o f  t h e  p ressu re  wave 
i n  t h e  d i s p l a c e r  gas s p r i n g  f o r  d i s p l a c e r  2. These parameters were l a t e r  
merged w i t h  t h e  s t e a d y - s t a t e  d a t a  and appear on t h e  o u t p u t  o f  t h e  s t e a d y - s t a t e  
d a t a  system. 

Table V p rov ides  a l i s t  of t h e  c a l c u l a t i o n s  performed i n  t h e  d a t a  reduc- 
t i o n  process. The exac t  f o r m  o f  each c a l c u l a t i o n  i s  presented i n  appendix 8. 
Th is  appendix a l s o  g i ves  a c a l c u l a t e d  e r r o r  f o r  each o f  t h e  c a l c u l a t i o n s  based 
on t h e  p robab le  e r r o r  o f  t h e  i n p u t s  f o r  t h e  c a l c u l a t i o n .  
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DESCRIPTION OF THE TEST PROCEDURE 

The RE-1000 engine i n s t a l l e d  i n  t h e  t e s t  f a c i l i t y  i s  shown i n  f i g u r e  2. 
Be fo re  any t e s t  sess ion was i n i t i a t e d  a c a l i b r a t i o n  o f  a l l  p ressu re  t ransducers 
was performed a u t o m a t i c a l l y  by t h e  E s c o r t  d a t a  system. The engine was purged 
o f  a i r  by a pressure-vent  c y c l e  o f  t h e  work ing  and bounce spaces. The engine 
was then  p r e s s u r i z e d  w i t h  t h e  d e s i r e d  work ing  f l u i d  t o  some p ressu re  l e v e l  
between 5.5 MPa (800 p s i g )  and 7.0 MPa (1015 p s i g )  depending on t h e  t e s t  cond i -  
t i o n s  t o  r u n  on t h a t  p a r t i c u l a r  day. S ince t h e  engine would u s u a l l y  s t a r t  t o  
r u n  a f t e r  fewer than  f i v e  impulses f rom t h e  s t a r t e r  system, rega rd less  o f  
p ressu re  l e v e l ,  i t  was n o t  i m p o r t a n t  t o  be a t  any p a r t i c u l a r  p ressu re  l e v e l  t o  
s t a r t  t h e  engine. On most t e s t  runs t h e  engine would become s e l f  s u s t a i n i n g  
a f t e r  two impulses. 

A f t e r  t h e  engine was purged o f  a i r  and p r e s s u r i z e d  w i t h  t h e  d e s i r e d  
work ing  f l u i d ,  t h e  e l e c t r i c  heat  i n p u t  was s t a r t e d  and t h e  c o o l i n g  water  f l o w s  
were s e t  t o  t h e i r  p roper  l e v e l s .  The dashpot l o a d  was s e t  t o  g i v e  l i t t l e  o r  
no r e s i s t a n c e  t o  t h e  power p i s t o n  mot ion.  When t h e  hea te r  t ube  temperature 
reached 600 "C,  t h e  engine was g i v e n  p ressu re  pulses f rom t h e  s t a r t e r  system 
u n t i l  s e l f  s u s t a i n i n g  o p e r a t i o n  was achieved. The dashpot needle v a l v e  o r i f i c e  
was then a d j u s t e d  t o  g i v e  t h e  proper  l o a d  t o  t h e  engine f o r  t h e  p i s t o n  s t r o k e  
d e s i  red .  

After typically 2 mln of operation, all measured temperatures had reached 
t h e i r  s t e a d y - s t a t e  va lues .  (The shor tness o f  t h e  t r a n s i e n t  p e r i o d  i s  due t o  
t h e  ve ry  l ow  thermal  i n e r t i a ,  i n c l u d i n g  t h e  absence o f  an 011 l u b r i c a t i o n  sys- 
tem t h a t  k i n e m a t i c  engines have.) A l though s t e a d y - s t a t e  temperature readings 
were ob ta ined  i n  about 2 mln, t h e  engine would t y p i c a l l y  be a l l owed  t o  ope ra te  
a t  t h e  i n i t i a l  t e s t  c o n d i t i o n s  f o r  15 min o r  more. 

When r e c o r d i n g  da ta ,  t h e  p o i n t s  were recorded i n  o rde r  o f  i n c r e a s i n g  
s t r o k e .  The engine would be h e l d  a t  t h e  d e s i r e d  o p e r a t i n g  c o n d i t i o n s ,  ( i . e . ,  
temperature and p ressu re )  w i t h  t h e  power p i s t o n  s t r o k e  a t  1.8 cm. A f t e r  t h i s  
p o i n t  was recorded,  t h e  dashpot s e t t i n g  was a d j u s t e d  t o  a l l o w  t h e  power p i s t o n  
s t r o k e  t o  reach 2.0 cm. The p i s t o n  s t r o k e  was increased i n  increments o f  
0.2 cm and d a t a  was recorded u n t i l  t h e  s t r o k e  reached 3.6 cm o r  u n t i l  t h e  
engine o p e r a t i o n  s t a r t e d  t o  become e r r a t i c .  The engine was a l l owed  t o  ope ra te  
a t  each new c o n d i t i o n  f o r  5 min b e f o r e  t h i s  new da ta  p o i n t  was recorded.  

I t  must be noted t h a t  t h e  t e s t  c o n d i t i o n s  were t r a v e r s e d  i n  a r a t h e r  
o r d e r l y  f a s h i o n .  For example, t h e  f i r s t  s e r i e s  o f  da ta  p o i n t s  recorded may 
have been w i t h  t h e  c o n d i t i o n s  o f  450 "C hea te r  temperature,  25 O C  c o o l e r  tem- 
p e r a t u r e  and 5.5 MPa mean p ressu re  l e v e l .  The n e x t  t h r e e  s e r i e s  taken would 
then  be a t  t h e  same c o n d i t i o n s  w i t h  t h e  h e a t e r  temperature s e t  t o  500, 550, and 
600 " C  r e s p e c t i v e l y .  S i m i l a r  d a t a  p o i n t s  would then  be recorded f o r  these same 
o p e r a t i n g  p o i n t s  w i t h  t h e  mean p ressu re  l e v e l  s e t  a t  7.0 MPa. T h i s  t e s t  p ro -  
cedure, a l t h o u g h  convenient ,  can r e s u l t  i n  m i s l e a d i n g  da ta .  The reason i s  t h a t  
if t h e r e  were any changes i n  t h e  i n s t r u m e n t a t i o n  c h a r a c t e r i s t i c s  t h a t  were a 
f u n c t i o n  of t ime,  these  changes would m i s t a k e n l y  be i n t e r p r e t e d  as be ing  a 
r e s u l t  o f  t h e  changed eng ne o p e r a t i n g  c o n d i t i o n s .  I f ,  on t h e  o t h e r  hand, t h e  
d a t a  p o i n t s  a r e  t r a v e r s e d  i n  a random f a s h i o n  t h e  changes i n  t h e  inst rumenta-  
t i o n  c h a r a c t e r i s t i c s  w i l l  show as s c a t t e r  i n  t h e  data.  T h l s  i s  a l s o  t r u e  f o r  
changes i n  t h e  engine as t accumulates r u n  t i m e  i f  t h e r e  a r e  any p a r t s  t h a t  
a r e  s u s c e p t i b l e  t o  wear. Th i s  i s  d iscussed he re  t o  i n d i c a t e  t h a t  a l t hough  i t  
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was recognized t h a t  t h e  d a t a  m a t r i x  should be t r a v e r s e d  i n  a comp le te l y  random 
fash ion ,  i t  was f e l t  t h a t  i t  was n o t  p o s s i b l e  w i t h i n  t h e  t i m e  frame o f  t h e  
s e n s i t i v i t y  t e s t s .  

SAMPLE TEST DATA POINT 

Some sample d a t a  p o i n t s  w i l l  be d iscussed i n  t h i s  s e c t i o n  t o  p r o v i d e  a 
b e t t e r  understanding o f  t h e  fo rma t  used t o  p resen t  t h e  d a t a  ou tpu t .  
c o n t a i n s  a l l  o f  t h e  d a t a  p o i n t s  t h a t  have o n l y  one o f  t h e  s e t  c o n d i t i o n s  v a r i e d  
f r o m  t h e  des ign  c o n d i t i o n s .  W i t h i n  t h i s  set ,  d a t a  p o i n t s  1006 t o  1012 w i l l  be 
examined. The mean p ressu re  r e a d i n g  o f  t h e  engine was s e t  a t  7000 kPa. Th is  
can be seen by t h e  mnemonics MEANCP and MEANBP. These a r e  t h e  mean compression 
space and bounce space p ressu re  readings r e s p e c t i v e l y .  
t h e  12  h e a t e r  t ube  temperatures was s e t  a t  600 " C  which can be seen by t h e  
mnemonic TAVHTR. The c o o l i n g  water  i n l e t  temperature was s e t  a t  25 O C  as shown 
by TWINCL. The p i s t o n  s t r o k e  was s e t  a t  1.8 cm on d a t a  p o i n t  1006 as i n d i c a t e d  
by t h e  parameter PISTST and then  inc reased  by 0.2 cm on each success ive da ta  
p o i n t .  These parameters a r e  s p e c i f i e d  by t h e  s e n s i t i v i t y  t e s t  m a t r i x .  A l l  
o t h e r  va lues on t h e  d a t a  sheet a r e  a r e s u l t  o f  t h e  engine o p e r a t i n g  a t  these 
s e t  c o n d i t i o n s .  

Table V I  

The average va lue  of 

I n  t h e  column on t h e  l e f t  s i d e  o f  t h e  da ta  sheet t h e r e  a r e  two s e c t i o n s .  
These s e c t i o n s  a r e  l a b e l e d  "HEAT TO DASHPOT COOLING" and "HEAT TO COOLER". The 
c a l c u l a t i o n  used i n  each o f  these measurements i s  based on t h e  water  mass f l o w  
r a t e s  and t h e  d i f f e r e n t i a l  temperature measurements o f  t h e  r e s p e c t i v e  c o o l i n g  
loops.  The parameters TDLDP and TDLCL a r e  t h e  d i f f e r e n t i a l  temperatures.  N o t e  
t h a t  these measurements a r e  n o t  equal  t o  t h e  o u t l e t  temperature minus t h e  i n l e t  
temperature i n  e i t h e r  case. Th is  r e s u l t s  f r o m  t h e  l o c a t i o n s  o f  t h e  thermo- 
couples used f o r  t h e  i n l e t  and o u t l e t  temperature measurements versus t h e  l oca -  
t i o n s  o f  t h e  thermocouples used f o r  t h e  d i f f e r e n t i a l  temperature measurements. 
I t  a l s o  r e s u l t s  f r o m  t h e  improved accuracy o f  t h e  d i f f e r e n t i a l  temperature 
measurement versus t h e  s u b t r a c t i o n  o f  two a b s o l u t e  temperature measurements. 
As p r e v i o u s l y  s t a t e d ,  b o t h  t h e  i n l e t  and o u t l e t  temperatures were es t ima ted  t o  
have a p robab le  e r r o r  o f  1 " C  w h i l e  t h e  d i f f e r e n t i a l  temperature measure has an 
es t ima ted  p robab le  e r r o r  o f  0.2 O C .  S u b t r a c t i n g  one temperature f r o m  another  
to calculate the dlfferentlal temperature can lead to substantlal errors when 
t h e  d i f f e r e n t i a l  temperature and t h e  p robab le  e r r o r s  a r e  o f  t h e  same o rde r  o f  
magnitude. 

In t h e  second column appear t h e  measurements o f  €he e l e c t r i c  power i n p u t  
t o  t h e  h e a t e r  head and t h e  c a l c u l a t i o n s  performed by t h e  E s c o r t  d a t a  system. 
The parameter VOLTG i s  t h e  v o l t a g e  across t h e  r e s i s t a n c e  o f  t h e  h e a t e r  head and 
was measured f rom a p o i n t  on t h e  e l e c t r i c a l l y  p o s i t i v e  power t a b  near t h e  semi- 
c i r c u l a r  bus ba r  t o  a s i m i l a r  p o i n t  on t h e  e l e c t r i c a l l y  n e g a t i v e  power tab .  
T h i s  measurement t h e r e f o r e  was n o t  t h e  t r u e  v o l t a g e  t h a t  e x i s t e d  across t h e  
h e a t e r  tubes a lone .  

The c a l c u l a t e d  parameters Pressure Fac to r  o f  t h e  P i s t o n  (PFP) ,  and 
Pressure Fac to r  o f  t h e  D i s p l a c e r  (PFD) ,  a r e  shown i n  g raph ic  fo rm i n  f i g u r e  25.  
The phasor diagram rep resen ts  t h e  o p e r a t i n g  c o n d i t i o n  a t  t h e  des ign  p o i n t .  The 
fo rma t  o f  t h e  diagram f o l l o w s  t h e  v e c t o r  n o t a t i o n  o u t l i n e d  i n  r e f e r e n c e  13. 
The p ressu re  wave o f  t h e  engine i s  d i v i d e d  i n t o  two components, one i n  phase 
w i t h  t h e  p i s t o n  mo t ion  and one i n  phase w i t h  t h e  d i s p l a c e r  mo t ion .  
t h e  component o f  t h e  p ressu re  wave i n  phase w i t h  t h e  p i s t o n  mo t ion  has been 

I n  genera l ,  
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caused by t h e  p i s t o n  mot ion.  S i m i l a r l y ,  t h e  component o f  t h e  pressure wave i n  
phase w i t h  t h e  d i s p l a c e r  mo t ion  has been caused by t h e  d i s p l a c e r  mot ion.  The 
v e c t o r  PFP i s  t h e  p ressu re  v a r i a t i o n  i n  t h e  work ing  space t h a t  i s  t h e  r e s u l t  
o f  t h e  p i s t o n  mot ion,  d i v i d e d  by t h e  amp l i t ude  o f  t h e  p i s t o n .  The v e c t o r  PFD 
i s  t h e  p ressu re  v a r i a t i o n  i n  t h e  work ing  space t h a t  i s  t h e  r e s u l t  o f  t h e  d i s -  
p l a c e r  mot ion,  d i v i d e d  by t h e  amp l i t ude  o f  t h e  d i s p l a c e r .  Th i s  p rov ides  an 
easy check on t h e  e f f e c t i v e n e s s  o f  t h e  p i s t o n  and d i s p l a c e r  mot ions a l though  
c a r e  must be taken s i n c e  i t  i s  n o t  an exac t  measurement o f  t h e  performance o f  
t h e  p i s t o n  o r  d i s p l a c e r .  By d e f i n i t i o n ,  t h e  PFP v e c t o r  i s  p a r a l l e l  t o  t h e  
power p i s t o n  v e c t o r  and t h e  PFD v e c t o r  i s  p a r a l l e l  t o  t h e  d i s p l a c e r  p o s i t i o n  
v e c t o r .  

A c a l c u l a t i o n  o f  t h e  Beale number i s  i n c l u d e d  i n  t h i s  column. The Beale 
number, as o u t l i n e d  i n  r e f e r e n c e  13, g i v e s  an i n d i c a t i o n  o f  how w e l l  t h e  engine 
makes use o f  i t s  swept volume and p ressu re  l e v e l  f o r  t h e  convers ion o f  energy. 
A l l  o f  t h e  c a l c u l a t i o n s  a r e  presented i n  appendix 6. 

The t h i r d  column o f  t h e  d a t a  sheet has seve ra l  d i f f e r e n t  types o f  measure- 
ments. The parameter PRESUP i s  t h e  supply  p ressu re  t o  t h e  engine. MEANBP and 
MEANCP a r e  t h e  average p ressu re  l e v e l s  o f  t h e  bounce space and t h e  work ing  
space r e s p e c t i v e l y .  V i b r a t i o n  t ransducers  were mounted on t h e  l a r g e  base p l a t e  
o f  t h e  engine. The measurement rep resen ts  t h e  v i b r a t i o n  l e v e l  o f  t h e  e n t i r e  
engine housing, measured i n  terms o f  peak v e l o c i t y  (cm/sec). Th i s  measurement, 
a l o n g  w l t h  t h e  f requency o f  t h e  engine, can be used t o  c a l c u l a t e  t h e  mo t lon  o f  
t h e  engine housing. 

The f o u r t h  column p resen ts  measurements o f  t h e  mean temperatures o f  t h e  
gas i n s i d e  t h e  engine housing. Below these readings i s  a s e c t i o n  l a b e l e d  
"REMOTE CALCULATIONS". The f o u r  parameters rep resen t  c a l c u l a t i o n s  executed by 
t h e  analog c i r c u i t s .  A l l  o f  t h e  parameters l i s t e d  under t h e  t i t l e  "DYNAMIC 
CALCULATIONS" were measured f r o m  t h e  V i s i c o r d e r  t r a c e s .  PAMPC i s  t h e  amp l i t ude  
o f  t h e  p ressu re  v a r i a t i o n  i n  t h e  compression space. PISTCP and DISPCP g i v e  t h e  
c e n t e r  p o s i t i o n  o f  t h e  power p i s t o n  and t h e  d i s p l a c e r :  i . e . ,  t h e  d i s t a n c e  f r o m  
inward l i m i t  o f  t h e  p o s s i b l e  movement t o  t h e  c e n t e r  o f  t h e  o s c i l l a t o r y  move- 
ment. As  an example, f o r  d a t a  p o i n t  1010 t h e  c e n t e r  p o s i t i o n s  measured were 
2.33 cm f o r  t h e  power p i s t o n  and 2.37 cm f o r  t h e  d i s p l a c e r .  I t  was s t a t e d  i n  
t h e  ' iCenter ing P o r t "  subsec t i on  o f  t h e  s e c t i o n  " D e s c r i p t i o n  o f  t h e  Engine",  
t h a t  t h e  c e n t e r i n g  p o r t  o f  t h e  power p i s t o n  opened when t h e  power p i s t o n  was 
2.05 cm f rom t h e  inward l i m i t  o f  i t s  mo t ion  and t h e  d i s p l a c e r  1 c e n t e r i n g  p o r t  
opened when i t s  p o s i t i o n  was 1.81 cm f rom i t s  inward l i m i t .  T h i s  i n d i c a t e s  
t h a t  f o r  d a t a  p o i n t  1010, t h e  c e n t e r  o f  t h e  c e n t e r  power p i s t o n  s t r o k e  was 
2.33 - 2.05 = 0.28 cm f rom t h e  c e n t e r  p o r t  l o c a t i o n .  S i m i l a r l y ,  t h e  d i s p l a c e r  
was o p e r a t i n g  2.37 - 1.90 = 0.47 cm f r o m  t h e  c e n t e r  p o r t  l o c a t i o n .  

Measurements presented i n  t h i s  column a l s o  i n c l u d e  t h e  p ressu re  amp l i t ude  
i n s i d e  t h e  gas s p r i n g  o f  d i s p l a c e r  number 2, PDYNDB. The l a s t  t h r e e  parameters 
l i s t e d  g i v e  t h e  ampl i tudes o f  t h e  dynamic p ressu re  drop measurements. 
and PDLREG a r e  t h e  p ressu re  drop ampl i tudes across t h e  c o o l e r  and t h e  regener-  
a t o r  r e s p e c t i v e l y .  PDLDIS i s  t h e  p ressu re  drop across t h e  t o t a l  hea t  exchanger 
system as measured between t h e  expansion and compression spaces. 

PDLCLR 

The l a s t  column g i v e s  t h e  l n d i v l d u a l  hea te r  t ube  temperature readings.  
From these i n d i v i d u a l  readings,  t h e  average hea te r  tube temperature was ca l cu -  
l a t e d  and t h e  hea te r  temperature was s e t .  
readings o f  t h e  tube  temperatures.  

There i s  some'scat ter  i n  t h e  
There a r e  two e f f e c t s  causing t h i s  s c a t t e r .  
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F i r s t ,  t h e r e  i s  some v a r i a t i o n  i n  t h e  temperatures o f  t h e  hea te r  tubes due t o  
t h e  s l i g h t  t ube  t o  tube  v a r i a t i o n  i n  e l e c t r i c a l  r e s i s t a n c e .  Second, t h e  
v o l t a g e  g r a d i e n t  a l o n g  t h e  l e n g t h  o f  t h e  hea te r  t ube  may e f f e c t  t h e  accuracy o f  
t h e  temperature measurement. 
s u b t r a c t e d  f r o m  t h e  v o l t a g e  s i g n a l  o f  t h e  thermocouple i f  t h e  thermocouple i s  
n o t  e i t h e r  e l e c t r i c a l l y  i n s u l a t e d  f rom t h e  h e a t e r  t ube  o r  known t o  be mounted 
p e r p e n d i c u l a r  t o  t h e  v o l t a g e  g r a d i e n t .  Both o f  these e f f e c t s  p robab ly  c o n t r i -  
bu ted  t o  t h e  v a r i a t i o n  i n  t h e  measurements, b u t  s i n c e  t h e r e  were 12 thermo- 
couples,  t h e  average o f  a l l  t h e  h e a t e r  temperatures should s t i l l  r ep resen t  t h e  
o p e r a t i n g  temperature o f  t h e  hea te r .  
thermocouples was r e s p o n s i b l e  f o r  some o f  t h e  s c a t t e r  i n  t h e  hea te r  tempera- 
t u r e s  was t h a t  a h e a t e r  t ube  t h a t  i n d i c a t e d  t h e  h i g h e s t  temperature w i t h  one 
s e t  o f  thermocouples was n o t  always t h e  same tube  t h a t  i n d i c a t e d  t h e  h i g h e s t  
temperature w i t h  t h e  n e x t  s e t  o f  thermocouples. T y p i c a l l y  t h e  thermocouples 
were rep laced  d u r i n g  each r e b u i l d .  

The v o l t a g e  g r a d i e n t  can be e i t h e r  added t o  o r  

Another i n d i c a t i o n  t h a t  misa l ignment  o f  

The temperatures i n  t h e  lower  p a r t  o f  t h e  l a s t  column a r e  t h e  o u t e r  w a l l  
temperatures o f  t h e  regenera to r .  The l o c a t i o n s  o f  t hese  measurements a r e  shown 
i n  f i g u r e  23. The equa t ion  used t o  determine t h e  a x i a l  conduc t ion  losses o f  
t h e  r e g e n e r a t o r  w a l l  f r o m  these measurements a r e  l i s t e d  i n  appendix B. 

When any measurement i s  made, t h e r e  i s  some amount o f  e r r o r  assoc ia ted  
w i t h  each read ing .  
engine (FPSE) ,  t h e  measurement e r r o r s  a r e  i m p o r t a n t  and i n  some ins tances  
h i g h l y  s i g n i f i c a n t  when c a l c u l a t i o n s  a r e  performed. 
when t h e  da ta  i s  b e i n g  used t o  v a l i d a t e  computer s i m u l a t i o n s  o f  t h e  engine 
c y c l e .  I f  a code i s  b e i n g  v a l i d a t e d  t o  produce good agreement i n  t h e  p r e d i c -  
t i o n  o f  i n d i c a t e d  power w i t h  t e s t  da ta ,  t h e  v a l i d a t i o n  work can go no f u r t h e r  
when t h e  code p r e d i c t s  a va lue  o f  i n d i c a t e d  power t h a t  i s  w i t h i n  t h e  e r r o r  
band o f  t h e  data.  For a FPSE, t h e  e r r o r  band on t h e  i n d i c a t e d  power measure- 
ment i s  a t  t imes s i g n i f i c a n t .  The reason i s  t h a t  t h e r e  a r e  e r r o r s  assoc ia ted  
w i t h :  ( 1 )  t h e  volume measurement, ( 2 )  t h e  dynamic p ressu re  measurement, and 
( 3 )  matching t h e  t i m e  scales o f  t h e  two measurements. Whi le  i t  i s  p o s s i b l e  t o  
measure each o f  these parameters w i t h  accep tab le  accuracy,  t h e  s i z e  o f  t h e  
e r r o r  o f  each s i g n a l  r e l a t i v e  t o  t h e  s i z e  o f  t h e  s i g n a l  must be considered.  
When s y n c h r o n i z i n g  t i m e  scales,  any phase s h i f t  o f  t h e  two s i g n a l s  r e l a t i v e  t o  
one ano the r  can l e a d  t o  a s l z e a b l e  e r r o r  i n  t h e  c a l c u l a t e d  va lue  o f  l n d l c a t e d  
power s i n c e  t h e  phase ang le  between t h e  p ressu re  and volume s i g n a l s  i s  sma l l .  
Any e r r o r  i n  t h e  synch ron iz ing  o f  s i g n a l s  w i l l  have a l a r g e  e f f e c t  when added 
t o  t h i s  r e l a t i v e l y  smal l  phase angle.  

I n  t h e  case o f  t h e  RE-1000, be ing  a f r e e - p i s t o n  S t i r l i n g  

T h i s  must be considered 

W i t h  p roper  technique,  measurement e r r o r s  can be k e p t  t o  a minimum. An 
example o f  m i n i m i z i n g  measurement e r r o r  can be seen i n  t h e  c a l c u l a t i o n  o f  heat  
r e j e c t e d  by t h e  engine c o o l e r .  The thermocouples used measur ing t h e  tempera- 
t u r e  r i s e  o f  t h e  water  as i t  passed th rough  t h e  engine c o o l e r  were connected 
i n  a d i f f e r e n t i a l  temperature c o n f i g u r a t i o n .  I f  t h e  d i f f e r e n t i a l  thermocouple 
c o n f i g u r a t i o n  has a maximum e r r o r  o f  1.0 p e r c e n t  then t h e  read ing  w i l l  indeed 
be v e r y  accu ra te .  I f  on t h e  o t h e r  hand t h e  d i f f e r e n t i a l  temperatures were 
measured u s i n g  two separate thermocouples, t h e r e  w i l l  be an e r r o r  assoc ia ted  
w i t h  each o f  t h e  two temperature measuremen 
e r r o r s  w i l l  most l i k e l y  be q u i t e  l a r g e  when 
In tended  t o  be measured. 

Est imated p robab le  e r r o r s  assoc ia ted  w 
i n  t h i s  t e s t  program a r e  l i s t e d  i n  t a b l e  I V  

s .  The summation o f  these two 
compared t o  t h e  temperature r i s e  

t h  each o f  t h e  parameters measured 
The e r r o r  assoc ia ted  w i t h  each o f  
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t h e  c a l c u l a t i o n s  i s  presented i n  appendix B. I n  cases where t h e  exac t  va lue  o f  
t h e  p robab le  e r r o r  o f  an i n d i v i d u a l  parameter was n o t  known an e s t i m a t e  was 
made based on exper ience w i t h  t h a t  p a r t i c u l a r  t y p e  o f  i n s t r u m e n t a t i o n .  

DESCRIPTION OF THE TEST M A T R I X  

The t e s t  m a t r i x  was dev ised t o  generate t h e  da ta  necessary t o  c h a r a c t e r i z e  
t h e  s e n s i t i v i t y  o f  t h e  RE-1000 w i t h  r e s p e c t  t o  each o f  t h e  parameters t h a t  
d e f i n e  t h e  t e s t  p o i n t ,  p l u s  seve ra l  c o n f i g u r a t i o n  r e l a t e d  parameters. The 
a t tempt  was made t o  o p t i m i z e  t h e  m a t r i x  t o  m in im ize  t h e  number o f  t e s t  condi -  
t i o n s  and da ta  p o i n t s .  Whi le  t h e  engine was designed t o  operate a t  temperature 
l e v e l s  up t o  650 O C ,  f o r  t h e  reasons o f  r e l i a b i l i t y  t h e  t e s t  m a t r i x  was l i m i t e d  
t o  va lues o f  600, 550, 500, and 450 OC. Since  power and e f f i c i e n c y  a r e  a l s o  
dependent on t h e  c o o l e r  temperature,  t h r e e  l e v e l s  were chosen: 25, 40, and 
55 O C .  The engine was designed t o  ope ra te  w i t h  h e l i u m  as t h e  work ing  f l u i d  a t  
a mean p ressu re  l e v e l  o f  7.0 MPa (1015 p s i g ) .  The t e s t  m a t r i x  used pressures 
o f  7.0 MPa (1015 p s i g ) ,  5.5 MPa (798 p s i g ) ,  and 4.0 MPa (580 p s i g ) .  T e s t i n g  
t h e  engine a t  f o u r  h e a t e r  temperatures,  t h r e e  c o o l e r  temperatures,  and t h r e e  
p ressu re  l e v e l s ,  would generate 36 d i f f e r e n t  t e s t  c o n d i t i o n s  f o r  each c o n f i g -  
u r a t i o n .  To m a i n t a i n  t h e  s i z e  o f  t h e  t e s t  m a t r i x  a t  a reasonable l e v e l ,  i t  
was dec ided t h a t  t h e  14 c o n d i t i o n s  shown i n  dashed l i n e s  i n  f i g u r e  3 w e r e  
e l i m i n a t e d .  The c o n d i t i o n s  remain ing i n  f i g u r e  3 were used f o r  a l l  f o u r  com- 
b l n a t i o n s  o f  t h e  two d i s p l a c e r s  and t w o  regenera to rs .  F i g u r e  4 shows t h a t  o n l y  
d i s p l a c e r  1 and regenera to r  1 were used when r u n n i n g  t e s t s  w i t h  e i t h e r  t h e  
l i g h t  w e i g h t  power p i s t o n  o r  an a l t e r n a t e  work ing  f l u i d .  

F i g u r e  4 shows t h e  number o f  da ta  p o i n t s  recorded f o r  each o f  t h e  c o n f i g u -  
r a t i o n s .  The seven ve rs ions  o f  t h e  t e s t  c o n d i t i o n  m a t r i x  shown i n  f i g u r e  26 
g i v e  t h e  d a t a  p o i n t  r e a d i n g  numbers f o r  each o f  t h e  c o n d i t i o n s .  W i th  t h i s  
f i g u r e ,  t h e  r e a d i n g  number f o r  any d e s i r e d  c o n d i t i o n  can be found. The lower  
o f  t h e  two numbers t h a t  appear i n  an element i s  t h e  r e a d i n g  number o f  t h e  d a t a  
p o i n t  recorded a t  t h e  s h o r t e s t  power p i s t o n  s t r o k e  t e s t e d .  I n  a l l  cases, t h i s  
va lue  was 1.8 cm. Each success ive da ta  r e a d i n g  had t h e  power p i s t o n  s t r o k e  
i nc reased  by 0.2 cm. As an example, i f  an element has o n l y  f o u r  d a t a  readings 
l i s t e d  I n  i t ,  t h e  engine was t e s t e d  w i t h  power p i s t o n  s t r o k e  s e t t i n g s  o f  1.8, 
2.0, 2.2, and 2.4 cm. 

A l l  781 d a t a  p o i n t s  a r e  n o t  needed t o  v a l i d a t e  a computer code, so t h e  
t e s t  m a t r i x  was d i v i d e d  i n t o  two s m a l l e r  subsets.  These two m a t r i x e s  a r e  
c a l l e d  t h e  " S i n g l e  V a r i a b l e  Data Se t "  (SVDS) and t h e  "Double V a r i a b l e  Data Se t "  
(DVDS). A l i s t  o f  t h e  da ta  p o i n t s  i n  t h e  SVDS i s  g i v e n  i n  t a b l e  V I 1  and a l i s t  
o f  t h e  da ta  p o i n t s  i n  t h e  DVDS i s  g l v e n  i n  t a b l e  V I I I .  The remainder o f  t h e  
da ta  can be ob ta ined  on m i c r o f i c h e  f rom NASA Lewis by reques t .  

The RE-1000 was designed f o r  h i g h  e f f i c i e n c y  a t  t h e  s e t  c o n d i t i o n s  o f  
600 "C hea te r  head temperature,  25 O C  c o o l i n g  water  i n l e t  temperature,  7.0 MPa 
mean work lng  p ressu re  w i t h  h e l i u m  and a power p i s t o n  s t r o k e  s e t t i n g  o f  2.6 cm. 
The c o n f i g u r a t i o n  used i n c l u d e d  t h e  s tandard power p i s t o n ,  regenera to r  1 and 
d i s p l a c e r  1.  Th is  t e s t  c o n d i t i o n  was recorded on da ta  read ing  number 1010. 
S ince t h e r e  were e i g h t  t e s t  parameters v a r i e d  d u r i n g  t h e  s e n s i t i v i t y  t e s t s ,  
t h e r e  should be e i g h t  d i f f e r e n t  curves t h a t  can be p l o t t e d  showing t h e  sens i -  
t i v i t y  o f  t h e  engine t o  any one o f  t h e  e i g h t  parameters,  w h i l e  t h e  o t h e r  seven 
parameters a r e  k e p t  a t  t h e i r  r e s p e c t i v e  des ign  c o n d i t i o n s .  I f  these p l o t s  were 
generated, every one would c o n t a i n  da ta  read ing  1010. The c o l l e c t i o n  o f  a l l  o f  
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t h e  d a t a  p o i n t s  needed t o  produce these  p l o t s  i s  c a l l e d  t h e  SVDS. The t i t l e  
S i n g l e  V a r i a b l e  Data Set i n d i c a t e s  t h a t  o n l y  one o f  t h e  e i g h t  v a r i a b l e  para-  
meters was a l l owed  t o  d e v i a t e  f rom t h e  des ign  c o n d i t i o n .  Table V I 1  g i v e s  t h e  
d a t a  p o i n t  r e a d i n g  numbers f o r  a l l  o f  these p o i n t s ,  and a l s o  shows which da ta  
p o i n t s  a r e  needed t o  generate each o f  t h e  e i g h t  curves.  Table V I 1  shows t h a t  
t h e  SVDS c o n t a i n s  o n l y  18  da ta  p o i n t s  and i s  t h e r e f o r e  an e a s i e r  da ta  s e t  t o  
work w i t h  f o r  computer code v a l i d a t i o n .  T h i s  d a t a  s e t  can be used t o  check t h e  
s e n s i t i v i t y  of a computer code p r e d i c t i o n  a g a i n s t  t h e  s e n s i t i v i t y  of t h e  engine 
f o r  any o f  t h e  e i g h t  t e s t  parameters v a r i e d .  

F i g u r e  27 shows some p l o t s  generated f r o m  t h e  SVDS. These p l o t s  i n d i c a t e  
t h a t  performance o f  t h e  RE-1000 obeys t h e  genera l  t rends  a t t r i b u t e d  t o  f r e e -  
p i s t o n  S t i r l i n g  engines. A s  t h e  power p i s t o n  s t r o k e  i s  increased,  t h e  i n d i -  
ca ted  power produced increased.  The d i s p l a c e r  s t r o k e  a l s o  grew as t h e  power 
p i s t o n  s t r o k e  increased.  
t h e  l a r g e r  p ressu re  wave i n  t h e  work ing  space when t h e  p i s t o n  i s  sweeping more 
volume. 
t o  respond t o  d u r i n g  o p e r a t i o n .  
t h e  i n d i c a t e d  power and t h e  e f f i c i e n c y  i n c r e a s e  as t h e  h e a t e r  temperature 
i nc reases .  

The d i s p l a c e r  s t r o k e  growing can be a t t r i b u t e d  t o  

I t  can a l s o  be seen i n  f i g u r e  27 t h a t  b o t h  
The l a r g e r  p ressu re  wave p rov ides  more d r i v i n g  f o r c e  f o r  t h e  d i s p l a c e r  

I n  some cases t h e  p l o t s  generated f rom t h e  SVDS c o n t a i n  o n l y  two p o i n t s .  
T h i s  i s  t r u e  f o r  any p l o t  o f  t h e  engine performance w i t h  t h e  power p i s t o n  mass 
as t h e  independent v a r i a b l e .  The engine was t e s t e d  w i t h  o n l y  two d i f f e r e n t  
l e v e l s  o f  power p i s t o n  mass. Th is  I s  a l s o  t r u e  f o r  t h e  v a r i a t i o n s  o f  t h e  
d i s p l a c e r  dynamics, t h e  regenera to r  p o r o s i t y ,  and even w i t h  t h e  work ing  f l u i d .  
The reason t h i s  i s  t r u e  f o r  t h e  work ing  f l u i d  i s  t h a t  even though t h e  engine 
was t e s t e d  w i t h  t h r e e  d i f f e r e n t  work ing  f l u i d s ,  t h e  des ign  c o n d i t i o n s  f o r  t h e  
o t h e r  seven v a r i a b l e s  cou ld  n o t  be reached when t e s t s  were b e i n g  conducted 
w i t h  argon as t h e  work ing  f l u i d .  I n  an a t tempt  t o  expand t h e  c o l l e c t i o n  o f  
d a t a  p o i n t s  i n  t h e  SVDS, t h e  DVDS was formed. The DVDS was generated f rom t h e  
SVDS by t a k i n g  each d a t a  p o i n t  i n  t h e  SVDS and a l l o w i n g  t h e  power p i s t o n  s t r o k e  
t o  be v a r i e d  over  i t s  e n t i r e  range. By do ing  t h i s ,  a c o l l e c t i o n  o f  79 da ta  
p o i n t s  was fo rmu la ted .  The l i s t  o f  t h e  da ta  p o i n t s  i n  t h i s  c o l l e c t i o n  i s  
shown i n  t a b l e  VI11 w i t h  t h e  l owes t  va lue  number o f  each s e t  be ing  t h e  read ing  
number f o r  t h e  s e t  p o i n t  c o n d i t i o n  i n d i c a t e d  and t h e  power p i s t o n  s t r o k e  s e t  
a t  1.8 cm. Each success ive r e a d l n g  number had t h e  power p i s t o n  s t r o k e  
i nc reased  by 0.2 cm. 
t h e  same fo rma t  as desc r ibed  e a r l i e r .  F i g u r e  28 shows some p l o t s  o f  engine 
performance u s i n g  da ta  f rom t h e  DVDS. 
t o  generate p l o t s  t h a t  show f a m i l i e s  o f  curves.  
t h a t  t h e  RE-1000 obeys t h e  genera l  laws o f  FPSE o p e r a t i o n .  

Appendix C c o n t a i n s  t h e  d a t a  o f  t h e  DVDS p r i n t e d  o u t  I n  

U n l i k e  t h e  SVDS, t h e  DVDS can be used 
Once aga in  i t  can be seen 

Some d a t a  n o t  i n c l u d e d  i n  t h e  SVDS o r  i n  t h e  DVDS b u t  t h a t  s t i l l  may be 
o f  impor tance a r e  presented i n  appendix D. These da ta  p o i n t s  were recorded 
w i t h  b o t h  t h e  h i g h  power d i s p l a c e r  and t h e  h i g h  power regenera to r  i n s t a l l e d  i n  
t h e  engine.  A d e s c r i p t i o n  of t h e  d a t a  p o i n t s  can be found i n  appendix D. 

USE OF THE TEST DATA 

There a r e  some i m p o r t a n t  c h a r a c t e r i s t i c s  o f  t h e  t e s t  da ta  t h a t  must be 
understood when t h e  da ta  i s  be ing  used t o  v a l i d a t e  a computer s i m u l a t i o n .  . 
These areas w i l l  be d iscussed t o  p r o v i d e  b e t t e r  i n s i g h t  i n t o  t h e  i n t e r p r e t a t i o n  
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o f  t h e  t e s t  da ta .  I n  a l l  cases t h e  da ta  w i l l  be shown t o  be complete ly  v a l i d ,  
b u t  i t  w i l l  a l s o  be shown t h a t  t h e  da ta  must be used i n  t h e  proper  manner. 

A s  was desc r ibed  i n  t h e  s e c t i o n  on t h e  sample d a t a  ou tpu t ,  t h e  mot ions o f  
t h e  d i s p l a c e r  and t h e  power p i s t o n  were measured i n  terms o f  t h e i r  s t r o k e s  and 
t h e i r  phase r e l a t i o n s h i p  t o  one ano the r .  The compression space p ressu re  wave 
was a l s o  c h a r a c t e r i z e d  by i t s  amp l i t ude  and i t s  phase ang le  r e l a t i v e  t o  t h e  
power p i s t o n .  Th is  assumes t h a t  a l l  t h r e e  o f  these parameters can be charac- 
t e r i z e d  as s i n u s o i d a l  i n  na tu re ,  w i t h o u t  any h i g h e r  harmonics. A s tudy was 
performed t o  t e s t  t h e  v a l i d i t y  o f  t h i s  approach w i t h  t h e  NASA Lewis S t i r l i n g  
engine s i m u l a t i o n  used i n  t h e  c o n s t r a i n e d  mode. More i n f o r m a t i o n  on t h e  
d e t a i l s  o f  t h e  NASA Lewis s i m u l a t i o n  can be found i n  re fe rences  3, 4, 5, and 6. 
Some o f  t h e  d a t a  p o i n t s  f rom t h e  SVDS were chosen f o r  t h i s  t e s t ,  and t h e  
measured p i s t o n  mo t ion  and d i s p l a c e r  mo t ion  were d i g i t i z e d .  These d i g i t i z e d  
wave forms were analyzed and t h e i r  r e s p e c t i v e  F o u r i e r  s e r i e s  were generated. 
Both t h e  power p i s t o n  and t h e  d i s p l a c e r  mo t ion  a r e  dominated by t h e  fundamental 
f requency w i t h  o n l y  a smal l  p a r t  o f  t h e  mo t ion  a t t r i b u t e d  t o  t h e  harmonics. 
Higher  harmonics o f  t h e  fundamental f requency accounted f o r  1.4 pe rcen t  o f  t h e  
p i s t o n  mo t ion  and 3.5 pe rcen t  o f  t h e  d i s p l a c e r  mo t ion .  The s e r i e s  s o l u t i o n  f o r  
each o f  these wave forms, up t o  t h e  t h i r d  harmonic o f  t h e  fundamental f requency 
were used as i n p u t s  t o  t h e  NASA Lewis computer code. The r e s u l t s  o f  these 
s i m u l a t i o n s  were compared t o  t h e  r e s u l t s  o f  t h e  s i m u l a t i o n s  r u n  w i t h  t h e  i n p u t s  
b e i n g  i n  t h e  same fo rm as t h e  da ta  presented i n  t h i s  r e p o r t .  The d i f f e r e n c e  i n  
t h e  code p r e d i c t i o n s  w i t h  t h e  two d i f f e r e n t  forms o f  i n p u t s  was n e g l i g i b l e .  
Th i s  comparison was made between t h e  two d i f f e r e n t  methods o f  inputting t h e  
d a t a  w i t h o u t  l o o k i n g  a t  how w e l l  any o f  t h e  code p r e d i c t i o n s  compared t o  t h e  
t e s t  r e s u l t s .  I t  was a t e s t  o f  how s i m i l a r  t h e  two i n p u t  methods were t o  one 
another ,  n o t  a t e s t  o f  how w e l l  t h e  s i m u l a t i o n  p r e d i c t e d  t h e  t r u e  engine p e r -  
formance. I n  t h e  case o f  t h e  s i m u l a t i o n s  r u n  a t  t h e  des ign  p o i n t  o f  t h e  
engine, t h e  r e s u l t s  d i f f e r e d  by l e s s  than  4 pe rcen t  f rom one another  i n  t h e  
p r e d i c t i o n  o f  i n d i c a t e d  power. I t  was f e l t  t h a t  t h i s  was s m a l l e r  t h a t  t h e  
exper imen ta l  e r r o r  i n c u r r e d  i n  t h e  measurement o f  i n d i c a t e d  power and was 
t h e r e f o r e  v a l i d .  

T h i s  s t y l e  o f  d a t a  p r e s e n t a t i o n  may n o t  be v a l i d  f o r  o t h e r  FPSE engines. 
The reason t h a t  i t  works we1,l f o r  t h e  RE-1000 i s  due t o  t h e  power p i s t o n  be ing  
q u i t e  masslve and t h e r e f o r e  t e n d i n g  t o  have a s i n u s o i d a l  mo t ion  w i t h  l i t t l e  o f  
any h i g h e r  harmonics. T h i s  i s  r e i n f o r c e d  by t h e  l o a d  b e i n g  a pu re  damper u n i t  
which has s i n u s o i d a l  l o a d  c h a r a c t e r i s t i c s .  The same would most l i k e l y  n o t  be 
t r u e  f o r  a l o a d  l i k e  t h e  h y d r a u l i c  pump b e i n g  t e s t e d  a t  NASA Lewis, s i n c e  t h e  
f o r c e  exe r ted  on t h e  engine i s  f a r  f rom s i n u s o i d a l .  More about t h e  h y d r a u l i c  
l oad  can be found i n  r e f e r e n c e  14. The h y d r a u l i c  l oad  can cause t h e  engine 
mot ions t o  become h i g h l y  nons inuso ida l  i n  n a t u r e .  

Another t o p i c  t h a t  war ran ts  d i s c u s s i o n  i s  t h e  use o f  t h e  hea te r  tube 
temperature measurements. The hea te r  tubes o f  t h e  RE-1000 a r e  heated by 
r e s i s t a n c e  h e a t i n g .  The heat  i s  generated i n s i d e  t h e  h e a t e r  tube w a l l s .  An 
i n s u l a t i o n  b l a n k e t  was p laced  around t h e  h e a t e r  head t o  h e l p  p reven t  heat  
l osses  f r o m  t h e  head t o  t h e  surroundings.  The thermocouples used t o  measure 
t h e  h e a t e r  tube temperatures were mounted on t h e  o u t s i d e  s u r f a c e  o f  t h e  tubes 
i n d i c a t e d  i n  f i g u r e  23 and can be seen i n s t a l l e d  on t h e  h e a t e r  head i n  
f i g u r e  5. I f  t h e  i n s u l a t i o n  around t h e  hea te r  head was p e r f e c t  and w i t h  no 
l o s s  o f  heat  f r o m  t h e  head, t h e  temperature g r a d i e n t  through t h e  w a l l  o f  t h e  
hea te r  t ube  would be f l a t  a t  t h e  o u t e r  s u r f a c e  o f  t h e  tube.  Th is  i s  ve ry  
d i f f e r e n t  f r o m  t h e  s i t u a t l o n  t h a t  no rma l l y  e x i s t s  i n  S t i r l i n g  engines where t h e  
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hea t  i n p u t  i s  f r o m  a combustion source. S ince t h e  i n s u l a t i o n  around t h e  hea te r  
head was n o t  p e r f e c t ,  t h e r e  was some l o s s  o f  heat  f rom t h e  h e a t e r  tubes t o  t h e  
atmosphere around t h e  engine. There fo re  a temperature g r a d i e n t  e x i s t s  a t  t h e  
o u t e r  s u r f a c e  o f  t h e  tube t h a t  conducts heat  toward t h e  o u t e r  su r face .  Th is  
c r e a t e s  a p o i n t  a t  some d i s t a n c e  i n s i d e  t h e  tube  m a t e r i a l  w i t h  a h i g h e r  temper- 
a t u r e  than  t h e  measured o u t e r  w a l l  temperature.  The temperature a t  t h e  i n n e r  
s u r f a c e  o f  t h e  hea te r  t ube  would, as expected, be a t  some lower temperature 
because t h e  work ing  f l u i d  i s  abso rb ing  hea t .  F i g u r e  29 shows t h e  temperature 
g r a d i e n t s  i n  these cases d iscussed.  

I t  would i n c r e a s e  t h e  accuracy o f  a s i m u l a t i o n  i f  a c o r r e c t i o n  method was 
implemented f o r  i n p u t t i n g  t h e  measured o u t e r  w a l l  temperature.  The c o r r e c t i o n  
should account f o r  t h e  temperature g r a d i e n t  i n  a r e s i s t a n c e  heated tube  be ing  
d i f f e r e n t  t han  t h e  g r a d i e n t  i n  a combustion heated tube.  A comparison of t h e  
measured expansion space mean gas temperature t o  t h e  c a l c u l a t e d  va lues may 
p r o v i d e  a means o f  a s s u r i n g  a c o r r e c t  s i m u l a t i o n  o f  t h e  h e a t e r  temperature.  

I t  was found d u r i n g  these  t e s t s  t h a t  even t h e  measurement o f  t h e  mean 
p ressu re  l e v e l  o f  t h e  engine needs t o  be i n t e r p r e t e d  p r o p e r l y  f o r  b e s t  r e s u l t s .  
These measurements were made w i t h  s t r a i n  gauge p ressu re  t ransducers  connected 
t o  t h e  engine by means o f  s t a i n l e s s  s t e e l  t u b i n g .  A smal l  o r i f i c e  was i n s e r t e d  
i n t o  each o f  t h e  s t a i n l e s s  s t e e l  tubes used f o r  t h e  two mean p ressu re  measure- 
ments. 
micrometer need le  v a l v e  w i t h  a t a p e r  o f  1' on t h e  needle.  
c o u l d  t h e r e f o r e  be a d j u s t e d  as t h e  engine was runn ing .  
r e a d i n g  o f  t h e  mean p ressu re  cou ld  be d i s t o r t e d  by changing t h e  s i z e  o f  t h e  
o r i f i c e .  I f  t h e  o r i f i c e  was t o o  b i g ,  some o f  t h e  p ressu re  wave p resen t  i n  t h e  
engine would g e t  t o  t h e  t ransducer  and make t h e  o u t p u t  o f  t h e  t ransducer  f l u c -  
t u a t e  a t  t h e  o p e r a t i n g  f requency o f  t h e  engine. 
smal l ,  t h e  r e a d i n g  o f  t h e  mean p ressu re  would become h i g h e r  w i t h o u t  t h e  a c t u a l  
engine p ressu re  b e i n g  r a i s e d .  

I n  t h e  case o f  t h e  mean work ing  space measurement, t h e  o r i f i c e  was a 
T h i s  o r i f i c e  s i z e  

I t  was found t h a t  t h e  

I f  t h e  o r i f i c e  s i z e  became t o o  

T h i s  phenomenon was caused by t h e  change i n  t h e  d e n s i t y  o f  t h e  work ing  
f l u i d  d u r i n g  an engine c y c l e .  I f  t h e  mean p ressu re  i n  t h e  engine and t h e  
p ressu re  i n  t h e  t ransducer  were a t  t h e  exac t  same l e v e l  a t  t h e  i n i t i a t i o n  o f  a 
c y c l e ,  t h e r e  would be t h e  same v o l u m e t r i c  f l o w  o f  gas f rom t h e  engine t o  t h e  
t ransducer  dur ing  the  h igh  p ressu re  h a l f  o f  t h e  c y c l e  as t h e  v o l u m e t r l c  f l o w  
f r o m  t h e  t ransducer  t o  t h e  engine d u r i n g  t h e  l o w  p ressu re  h a l f  o f  t h e  c y c l e .  
Due t o  t h e  change i n  t h e  d e n s i t y  o f  t h e  gas i n  t h e  work ing  space d u r i n g  t h e  
c y c l e ,  t h e  mass f l o w  would n o t  be t h e  same i n  b o t h  d i r e c t i o n s .  Th is  causes a 
n e t  mass f l o w  o f  gas toward t h e  t ransducer  which con t inues  u n t i l  t h e  mean 
p ressu re  i n  t h e  t ransducer  i s  above t h e  mean p ressu re  i n  t h e  engine t o  f o r c e  
t h e  n e t  mass f l o w  t o  become zero.  

To p rove  t h a t  t h i s  a c t u a l l y  d i d  e f f e c t  t h e  p ressu re  readings o f  t h e  
engine, t h e  o u t p u t  s i g n a l s  o f  t h e  mean p ressu re  t ransducers  were connected t o  
a s t r i p  c h a r t  r e c o r d e r  t o  r e c o r d  t h e  p ressu re  readings versus t ime.  Wi th  t h e  
engine r u n n i n g  a t  a s t e a d y - s t a t e  c o n d i t i o n ,  t h e  o r i f i c e  s i z e  o f  t h e  mean 
compression space t ransducer  (MEANCP) ,  was v a r i e d .  As t h e  o r i f i c e  s i z e  was 
reduced, t h e  o u t p u t  s i g n a l  o f  t h e  t ransducer  i nc reased .  As t h e  o r i f i c e  s i z e  
was increased,  t h e  o u t p u t  s i g n a l  was lowered u n t i l  a p o i n t  was reached where 
t h e  p ressu re  wave o f  t h e  eng'lne s t a r t e d  t o  show i n  t h e  o u t p u t  s i g n a l  o f  t h e  
t ransducer .  Dur ing  t h i s  t e s t  t h e  o u t p u t  o f  t h e  mean bounce space p ressu re  . 
t ransducer  (MEANBP) ,  was observed t o  remain cons tan t .  
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Because of t hese  r e s u l t s ,  i t  may be more accu ra te  t o  use t h e  va lue  of 
MEANBP as a r e p r e s e n t a t i o n  o f  t h e  t r u e  mean p ressu re  l e v e l  o f  t h e  engine. Th is  
t ransducer  i s  l e s s  s u s c e p t i b l e  t o  t h i s  s o r t  o f  e r r o r  because t h e  p ressu re  wave 
i n  t h e  bounce space i s  ex t reme ly  smal l  i n  t h e  RE-1000. The t r u e  mean p ressu re  
o f  t h e  work ing  space should be h i g h e r  than  t h a t  o f  t h e  bounce space o n l y  by t h e  
amount needed t o  suppor t  t h e  we igh t  o f  t h e  power p i s t o n .  The p ressu re  r e q u i r e d  
i s  about 20.9 kPa (3.03 p s i )  f o r  t h e  s tandard power p i s t o n .  

Dur ing  t h e  r e c o r d i n g  o f  some d a t a  p o i n t s ,  1020 t o  1025, a f a i l u r e  i n  t h e  
thermocouples t h a t  measured t h e  temperature d i f f e r e n t i a l  o f  t h e  water used t o  
c o o l  t h e  engine r e s u l t e d  i n  erroneous c a l c u l a t i o n s  o f  t h e  heat  r e j e c t i o n  from 
t h e  engine c o o l e r .  These readings were f o r  a s e r i e s  o f  p o i n t s  w i t h  t h e  average 
h e a t e r  t ube  temperature s e t  a t  500 O C .  

c o o l e r  hea t  r e j e c t i o n  versus t h e  power p i s t o n  s t r o k e .  The 500 "C cu rve  
c l e a r l y  does n o t  f o l l o w  t h e  t rends  o f  t h e  o t h e r  curves.  By u s i n g  a cu rve  
f i t t i n g  techn ique  a p p l i e d  t o  t h e  d a t a  p o i n t s  w i t h  t h e  hea te r  tube average 
temperature s e t  a t  450, 550, and 600 O C ,  va lues f o r  t h e  heat  r e j e c t e d  d u r i n g  
t h e  500 O C  r u n  were p r e d l c t e d .  The p r e d i c t e d  va lues o f  heat  r e j e c t i o n  a r e  
a l s o  p l o t t e d .  I n  a d d i t i o n ,  f i g u r e  30 shows t h e  measured and p r e d i c t e d  va lues 
o f  t h e  engine e f f i c i e n c y  p l o t t e d  as a f u n c t i o n  o f  hea te r  temperature and p i s t o n  
s t r o k e .  From t h e  closeness o f  t h e  cu rve  f i t t i n g  techn ique  used, i t  i s  f e l t  
t h a t  these a n a l y t i c a l  va lues a r e  v a l i d  when coupled w i t h  t h e  exper imenta l  da ta .  

F i g u r e  30 shows t h e  recorded values of 

On some d a t a  p o i n t s ,  t h e  i n s t r u m e n t a t i o n  used t o  measure QCOOLR proved t o  
be c o r r e c t  w h i l e  t h e  t rends  o f  t h e  i n t e r n a l  e f f i c i e n c y  were o p p o s i t e  t o  t h e  
expected c l a s s i c a l  S t i r l i n g  engine t r e n d s .  I t  was no ted  t h a t  as t h e  c o o l i n g  
water  i n l e t  temperature was r a l s e d  t h e  c a l c u l a t i o n  o f  INTEFF d i v e r t e d  f rom t h e  
c a l c u l a t i o n  o f  EXTEFF. The o n l y  d i f f e r e n c e  between t h e  two methods used t o  
c a l c u l a t e  t h e  engine brake e f f i c i e n c y  was t h e  r e p r e s e n t a t i o n  o f  t h e  heat  i n p u t  
t o  t h e  engine system. EXTEFF was based on t h e  e l e c t r i c  power s u p p l i e d  t o  t h e  
h e a t e r  head w h l l e  INTEFF was based on t h e  summation o f  t h e  power and heat  
f l o w i n g  o u t  o f  t h e  engine system. The c a l c u l a t e d  va lues o f  e f f i c i e n c y  agreed 
w e l l  w i t h  one ano the r  f o r  d a t a  w i t h  t h e  c o o l i n g  water  i n l e t  temperature a t  
25 "C, however, t h e i r  va lues d i ve rged  as t h e  c o o l i n g  water  i n l e t  temperature 
was r a i s e d  t o  t h e  va lues o f  40 and 55 " C  . 

I t  was found t h a t  when t h e  c o o l i n g  water  i n l e t  temperature was a t  25 "C,  
t h e r e  was l i t t l e  hea t  t r a n s f e r r e d  between t h e  c o o l e r  housing and t h e  atmos- 
phere around t h e  engine.  A t  e l e v a t e d  c o o l i n g  water  temperatures some hea t  was 
l o s t  d i r e c t l y  f rom t h e  c o o l e r  housing t o  t h e  atmosphere w i t h o u t  b e i n g  de tec ted  
as an i n c r e a s e  i n  t h e  c o o l i n g  water  temperature as i t  passed th rough  t h e  
c o o l e r .  To d e r i v e  a c o r r e c t i o n  f o r  t h i s  measurement would r e q u i r e  an assump- 
t i o n  t o  be made so t h a t  t h e  hea t  t r a n s f e r  f rom t h e  c o o l e r  housing t o  t h e  
atmosphere c o u l d  be c a l c u l a t e d .  I t  i s  b e s t  t o  exc lude t h e  use o f  da ta  p o i n t s  
hav ing  e l e v a t e d  c o o l i n g  water  i n l e t  temperatures when accu ra te  energy balances 
a r e  r e q u i  red .  

CONCLUDING REMARKS 

The e f f o r t  t o  complete t h e  s e n s t t i v i t y  t e s t s  a t  t h e  NASA Lewis t e s t  f a c i l -  
i t y  has been completed. A m a t r i x  w i t h  8 parameters v a r i e d  was used t o  d e t e r -  
mine t h e  t e s t  c o n d i t i o n s .  The RE-1000 p r o v i d e d  a r e l i a b l e  t e s t  bed f o r  t h e .  
i n v e s t i g a t i o n  o f  t h e  thermodynamics o f  t h e  S t i r l i n g  c y c l e  a l o n g  w i t h  t h e  
dynamics o f  a f r e e - p i s t o n  engine. Throughout t h e  t e s t  program t h e  engine 
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demonstrated h i g h  r e l i a b i l i t y .  Most o f  t h e  problems encountered i n v o l v e d  t h e  
i n s t r u m e n t a t i o n  used t o  measure t h e  engine performance. 

A complete c h a r a c t e r i z a t i o n  o f  t h e  engine performance has been recorded 
and i s  presented i n  t h i s  r e p o r t  f o r  t h e  purpose o f  S t i r l i n g  c y c l e  computer 
code v a l i d a t i o n .  Some o f  t h e  measurements made can be o f  g r e a t  h e l p  i n  under- 
s t a n d i n g  t h e  l osses  o f  t h e  S t i r l i n g  c y c l e .  For some o f  t h e  da ta  p o i n t s  
recorded, t h e  amp l i t ude  o f  t h e  dynamic p ressu re  d rop  th rough  t h e  hea t  
exchangers was recorded.  The measurement techn ique  used f o r  t h e  dynamic 
p ressu re  drop had t o  be p e r f e c t e d  and t h e r e f o r e  was n o t  made d u r i n g  t h e  i n i t i a l  
stages o f  t h e  t e s t  program. However, s t e a d y - s t a t e  f l o w  t e s t s  were performed 
on a l l  o f  t h e  heat  exchangers used i n  t h e  program. Dur ing  t e s t s  u t i l i z i n g  one 
o f  t h e  two d i s p l a c e r s ,  t h e  amp l i t ude  o f  t h e  gas p ressu re  i n s i d e  o f  t h e  d i s -  
p l a c e r  gas s p r i n g  was recorded. Due t o  t h e  n o n l i n e a r i t y  o f  a gas sp r ing ,  t h i s  
parameter can be o f  g r e a t  use i n  t h e  computer s i m u l a t i o n  v a l i d a t i o n  process. 

SUMMARY OF RESULTS 

The d a t a  a r e  g e n e r a l l y  q u i t e  a c c u r a t e  and l e n d  themselves w e l l  t o  
v a l i d a t i o n  purposes, e s p e c i a l l y  when used as pe r  t h e  recommendations o u t l i n e d  
i n  t h i s  r e p o r t .  Because t h e r e  i s  some e r r o r  assoc ia ted  w i t h  t h e  measurement 
o f  any exper imen ta l  parameter, ca re  must be used when v a l i d a t i n g  a computer 
s i m u l a t i o n .  A rough i n d i c a t i o n  o f  t h e  e r r o r  o f  each measurement and c a l c u l a -  
t i o n  I s  g i v e n  i n  t h i s  r e p o r t .  

The R E - 1 0 0 0  was designed t o  be a r e l i a b l e ,  research  engine i n tended  t o  
p r o v i d e  easy access t o  key areas f o r  measurements o f  c r i t i c a l  parameters.  
T h i s  engine was n o t  op t im ized  as a complete engine f o r  h i g h  power o r  f o r  h i g h  
e f f i c i e n c y .  The s e n s i t i v i t y  t e s t  program d i d  however o b t a i n  t h e  f o l l o w i n g  
r e s u l t s :  

1.  The t r e n d s  con ta ined  i n  t h e  da ta  agree w e l l  w i t h  t h e  t h e o r e t i c a l  r u l e s  
Power o u t p u t  and e f f i c i e n c i e s  measured a c t  i n  of S t i r l i n g  engine performance. 

accordance w i t h  p rev ious  engine t e s t s .  

2. The t e s t  program i n v e s t i g a t e d  many c h a r a c t e r i s t i c s  o f  t h e  engine. 

a.  Tests  were completed over  a t e s t  m a t r i x  which v a r i e d  t h e  mean 
o p e r a t i n g  p ressu re  t o  t h r e e  l e v e l s ,  t h e  h e a t e r  temperature t o  f o u r  l e v e l s ,  t h e  
c o o l e r  temperature t o  t h r e e  l e v e l s ,  b o t h  t h e  regenera to r  p o r o s i t y  and t h e  
d i s p l a c e r  dynamics t o  two d i f f e r e n t  values, t h e  power p i s t o n  mass t o  two va lues 
and used t h r e e  d i f f e r e n t  work ing  f l u i d s .  I n  a d d i t i o n ,  t h e  power p i s t o n  s t r o k e  
was v a r i e d  over  i t s  range f o r  each o f  t h e  o p e r a t i n g  c o n d i t i o n s .  

b. I n  t h e  n e a r l y  200 h r  o f  o p e r a t i o n  accumulated d u r i n g  t h e  s e n s i t i v -  
i t y  t e s t s ,  t h e  engine proved i t s e l f  t o  be a r e l i a b l e  t e s t  bed f o r  research.  
The engine was u s u a l l y  found t o  be more r e l i a b l e  than  t h e  i n s t r u m e n t a t i o n  and 
s u p p o r t i n g  d a t a  system. 

c. Dur ing  t h e  course o f  t h e  t e s t i n g ,  some novel  I n s t r u m e n t a t i o n  was 
added t o  p r o v i d e  a b e t t e r  i n s l g h t  i n t o  t h e  o p e r a t i o n  o f  t h e  f r e e - p i s t o n  engine. 
These measurements i n c l u d e d  t h e  dynamic p ressu re  drop t ransducers  and t h e  . 
dynamic p ressu re  r e a d i n g  o f  t h e  d i s p l a c e r  gas s p r i n g .  
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d. Steady-state flow tests were performed to enable a correlation 
between these measurements and the dynamic pressure drop measurements to be 
made. Although the dynamic pressure drop transducers were working only for 
the tests performed with one of the two regenerators used, this should still 
prove to be of great benefit I n  the validation of computer codes. 
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APPENDIX  A 

Heat Exchanger Steady-State Flow Tests 

S teady -s ta te  f l o w  t e s t s  were performed on t h e  RE-1000 heat  exchanger 
assembly. These t e s t s  were done f o r  t h e  engine w i t h  b o t h  o f  t h e  regenera to rs  
used i n  t h e  s e n s i t i v i t y  t e s t s .  The two regenera to rs  t e s t e d  were o f  
75.9 pe rcen t  p o r o s i t y  and o f  81.2 pe rcen t  p o r o s i t y .  
n i t r o g e n  a t  mass f l o w  r a t e s  t h a t  gave approx ima te l y  t h e  Reynolds numbers t h a t  
occur i n  t h e  engine d u r i n g  o p e r a t i o n .  

The t e s t s  were r u n  w i t h  

The p ressu re  drops were measured w i t h  t h e  Va l i dyne  d i f f e r e n t i a l  p ressu re  
t ransducers  t h a t  were i n s t a l l e d  on t h e  engine f o r  t h e  dynamic p ressu re  drop 
measurements. 
measured d i r e c t l y  w i t h  t h e  t ransducers  i n s t a l l e d .  The hea te r  p ressu re  drop 
was c a l c u l a t e d  f r o m  a measurement o f  t h e  t o t a l  p ressu re  d rop  across t h e  heat  
exchanger assembly, minus t h e  regenera to r  and c o o l e r  p ressu re  drops.  
t e s t s  were r u n  f r o m  zero f l o w  r a t e ,  up t o  t h e  maximum f l o w  d e s i r e d  and back 
down t o  zero f l o w  again.  I f  t h e  t ransducers  d i d  n o t  r e t u r n  t o  zero p ressu re  
d r o p  a t  zero f l o w ,  t h e  t ransducers  were a d j u s t e d  and t h e  t e s t s  were r e r u n .  

The c o o l e r  p ressu re  drop and t h e  regenera to r  p ressu re  drop were 

The 

Tests  were r u n  w i t h  t h e  mean p ressu re  a t  e i t h e r  1380 kPa (200 p s i )  o r  a t  
2070 kPa (300 p s i )  depending on t h e  requi rements o f  t h e  f l o w  meters be ing  used 
f o r  t h e  p a r t i c u l a r  t e s t .  The mass f l o w  r a t e s  were measured w i t h  v e n t u r i - t y p e  
f l o w  meters.  The measurements o f  f l o w  r a t e  were c o r r e c t e d  f o r  t h e  v a r i a t i o n s  
i n  t h e  temperature o f  t h e  n i t r o g e n .  

The r e s u l t s  o f  these f l o w  t e s t s  a r e  presented i n  t h e  fo rm o f  graphs o f  
t h e  p ressu re  drops measured versus t h e  mass f l o w  r a t e .  These p l o t s  a r e  shown 
i n  f i g u r e  7 f o r  t h e  t e s t s  w i t h  regenera to r  1 (75.9 pe rcen t  p o r o s i t y )  and i n  
f i g u r e  8 f o r  regenera to r  2 (81.2 pe rcen t  p o r o s i t y ) .  
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APPENDIX B 

Data System C a l c u l a t i o n s  

A l l  o f  t h e  c a l c u l a t i o n s  used i n  t h e  da ta  system a r e  presented i n  t h i s  
appendix.  For each o f  t h e  c a l c u l a t i o n s ,  t h e  parameters used as i n p u t s  a r e  
l i s t e d ,  t h e  c a l c u l a t i o n  i s  shown, and an e s t i m a t e  o f  t h e  e r r o r  o f  t h e  c a l c u l a -  
t i o n  i s  g i ven .  
parameters and was c a l c u l a t e d  by methods o u t l i n e d  i n  r e f e r e n c e  11. The e r r o r  
of t h e  c a l c u l a t i o n  corresponds t o  t h e  des ign  p o i n t  o f  t h e  engine, d a t a  p o i n t  
1010. A second e r r o r  c a l c u l a t i o n  i s  presented t h a t  corresponds t o  da ta  p o i n t  
1099. T h i s  shows t h e  e r r o r  i n  t h e  c a l c u l a t i o n s  a t  a low power o p e r a t i n g  cond i -  
t i o n .  The i n p u t s  t o  t h e  c a l c u l a t i o n s  a r e  l i s t e d  i n  terms o f  t h e i r  mnemonics 
and can be found i n  t h e  l i s t  o f  i n s t r u m e n t a t i o n  i n  t a b l e  I V .  

The e r r o r  i s  based on t h e  es t ima ted  e r r o r s  o f  t h e  i n p u t  
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CALCULATION 1 

ELECTRICAL POWER INPUT (WATTS) 

. 

power = v o l t a g e  x c u r r e n t  

PWRIN = v o l t g  x amps 

VOLTG hea te r  head v o l t a g e  ( v o l t s )  
AMPS c a l c u l a t i o n  8 (amps) 

ERROR = [ ( O . O 1 ) 2  + (O.O2)2]1/2 

ERROR = 2% (73  W )  

(ERROR = 4% @ P O I N T  1099) 

CALCULATION 2 

HEAT TO THE COOLING WATER BY THE COOLER (WATTS) 

heat  = (mass f l o w )  ( s p e c i f i c  hea t )  ( d e l t a  temp) 

(FLOCLR) (RHOH20) (CPH20) (TDLCLR) 
60 QCOOLR = 

FLOCLR 
RHOH20 water  d e n s i t y  sub - rou t i ne  (gm/ l )  
CPH20 water  s p e c i f i c  heat  sub - rou t i ne  ( j ou les /gm " C )  
TDLHTR c o o l i n g  water  d e l t a  temperature ("C) 

c o o l i n g  water  v o l u m e t r i c  f l o w  r a t e  ( l / m i n )  

ERROR = [ (0 .1 /4 .22)2  t (0.2/9.34)2]1/2 

( E R R O R  = 6% @ POINT 1099) 

CALCULATION 3 

HEAT TO THE COOLING WATER BY THE DASHPOT (WATTS) 

heat  = (mass f l o w )  ( s p e c i f i c  hea t )  ( d e l t a  temp) 

FLODP) (RHOH20) (CPH20) (TDLDP) 
60 QDSHPT = 

FLODP dashpot water  v o l u m e t r i c  f l o w  r a t e  ( l / m i n )  
RHOH20 water  d e n s i t y  sub - rou t i ne  (gm/ l )  
CPH20 water  s p e c i f i c  heat  sub - rou t i ne  ( j ou les /gm " C )  
TOLDP dashpot water  d e l t a  temperature ( " C )  

ERROR = [ (0 .1/3.96)2 t (0.2/2.21)2]1/2 
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ERROR = [ ( 0 . 1 / 3 . 9 6 ) 2  t ( 0 . 2 / 2 . 2 1 ) 2 ] 1 / 2  

ERROR = 9% ( 5 5  W) 

(ERROR = 51% @ 1099) 

CALCULATION 4 

BRAKE ENGINE EFFICIENCY,  EXTERNAL (%) 

brake power output 
= electric power input 

PWROUT 
EXTEFF = PWRIN 

PWROUT brake power output, analog circuit ( W )  
PWRIN electric heater power input ( W )  

ERROR = [(0.03)2 + (0 .02)2]1/2 

ERROR = 4% 

(ERROR = 6% @ POINT 1099) 

CALCULATION 5 

AVERAGE HEATER TUBE TEMPERATURE ( "C)  

summation o f  1 2  tube temps 
1 2  temperature = 

summation TOlHTR to T12HTR 
1 2  TAVHTR = 

TxxHTR heater tube outside wall temperature ( " C )  

ERROR = [ 1 2 ( 1 0 / 6 0 0 ) 2 ] 1 / 2  

ERROR = 6% ( 3 6  " C )  

(ERROR = 8% @ POINT 1099) 

CALCULATION 6 

BRAKE ENGINE EFFICIENCY, INTERNAL (%) 

brake power output 
efficiency = brake power t heat rejected 

PWROUT 
INTEFF = PWROUT t QCOOLR 
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I -  

PWROUT b r a k e  power o u t p u t ,  a n a l o g  c l r c u l t  ( W )  
QCOOLR h e a t  r e j e c t e d  by t h e  eng lne  c o o l e r  ( W )  

ERROR = [ ( 0 . 0 3 ) ?  + ( 0 . 0 3 ) 2  + ( 0 . 0 3 ) 2 ] 1 / 2  

ERROR = 5% 

(ERROR = 9% @ POINT 1099)  

CALCULATION 8 

HEATER AMPERAGE ( " C )  

amperage = amperage 1 + amperage 2 

AMPS = AMPSl + AMPS2 

AMPSl amperage f rom power supply  1 ( A )  
AMPS2 amperage f rom power supply  2 ( A )  

ERROR = [ ( 1 0 / 6 7 3 ) 2  + (10 /618)2 ]1 /2  

ERROR = 2% ( 2 8  A )  

(ERROR = 4% @ POINT 1099)  

CALCULATION 9 

DISPLACER GAS CONDUCTION (WATTS) 

h e a t  = (gas  c o n d u c t l v l t y )  ( c o n d u c t l o n  a r e a )  ( d e l t a  temp) 

QDISPG = (Kg) ( 2 . 7 6 )  (TGEXP-TGCOMP) 

Kg gas c o n d u c t l v l t y  (W/cm "C) 
2 . 7 6  cross  s e c t l o n  o f  gas (cm2) 
TGEXP expansion space gas t e m p e r a t u r e  ( " C )  
TGCOMP compresslon space gas t e m p e r a t u r e  ("C)  

10 + 1 
= (557 -56 )  

ERROR = 2% ( 0 . 0 6  W )  

(ERROR = 3% (3 POINT 1099)  

CALCULATION 10 

DISPLACER SHELL CONDUCTION (WATTS) 

h e a t  = ( s h e l l  c o n d u c t l v l t y )  ( c o n d u c t l o n  a r e a )  ( d e l t a  temp) 
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QDISP = (Km) (0.0284) (TGEXP-TGCOMP) 

Km d i s p l a c e r  meta l  c o n d u c t i v i t y  (W/cm " C )  
0.00284 conduc t ion  area  (cm2) 
TGEXP expansion space gas temperature ( " C )  
TGCOMP compression space gas temperature ( " C )  

10 + 1 
(557-56)  ERROR = -- 

ERROR = 2% (0.28 W )  

( E R R O R  = 3% @ POINT 1099) 

CALCULATION 11 

REGENERATOR WALL CONDUCTION, COOL END (WATTS) 

hea t  = (Km) ( conduc t ion  area)  ( d e l t a  temp) 

QREGl = 0.811 (T18REG-T19REG) 

0.811 me ta l  c o n d u c t i v i t y  t imes conduct ion  area ( W  cm/"C) 
T18REG regenera to r  w a l l  temperature,  m i d p o i n t  ( " C )  
T19REG regenera to r  w a l l  temperature,  c o o l  and ( " C )  

5 + 5  
(339-221 ) ERROR = ---- 

ERROR = 8% ( 7 . 7  W )  

( E R R O R  = 9% @ P O I N T  1099) 
__--- -- _________------ 

CALCULATION 12 

REGENERAIOR WALL CONDUCl ION,  COOL END (WATTS) 

hea t  = (Km) ( conduc t ion  area)  ( d e l t a  temp) 

QREG2 = 0.81 1 (T14REG-Tl8REG) 

0.811 meta l  c o n d u c t i v i t y  t imes conduct ion  area (W/cm " C )  
T14REG regenera to r  w a l l  temperature,  h o t  end ("C) 
TIBREG regenera to r  w a l l  temperature,  m i d p o i n t  ("C) 

ERROR = 9% (12.5 W )  
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CALCULATION 13 

INNER REGENERATOR WALL CONDUCTION (WATTS) 

heat  = (Km) (conduct ion  area)  ( d e l t a  temp) 

QREG3 = 0.0774 (TGREGH-TGREGC) 

0.0774 meta l  c o n d u c t i v i t y  t imes conduct ion  area (W cm/"C) 
TREGH regenera tor  h o t  end gas temperature ("C) 
THEGC regenera tor  c o l d  end gas temperature ("C) 

ERROR = 2% (0.7 W) 

(ERROR = 3% (3 POINT 1099) 

CALCULATION 1 4  

PRESSURE FACTOR OF THE POWER PISTON (kPa/cm) 

(compression space p r e s s u r 5 a m p l i t u d e ) -  ( t r i g  term) 
( p i s t o n  ampl i tude)  f a c t o r  = 

2(PAMPC) ( c o s  ep t ( s i n  ep/ tan ed) )  
PFP = (PISTST) 

PAMPC pressure  ampl i tude i n  t h e  compression space (kPa) 
0P phase angle,  p ressure  t o  power p i s t o n  (deg)  
PISTST power p i s t o n  s t r o k e  (cm) 

ERROR = 3% 

( E R R O R  = 5% (3 POINT 1099) 

CALCULAT I O N  1 5  

PRESSURE FACTOR OF THE DISPLACER (kPa/cm) 

lcompress ion  space pressure  ampl i tude)  ( t r i g  term) 
( d i s p l a c e r  ampl i tude)  

PAMPC) ( s i n  8p)2 
pFD = DISPST) ( s i n  ed) 

f a c t o r  = 

PAMPC pressure  ampl i tude i n  t h e  compression space (kPa) 
eP phase angle,  p ressure  t o  power p i s t o n  (deg)  
DISPST d i s p l a c e r  s t r o k e  (cm) 
ed phase angle,  d i s p l a c e r  t o  power p i s t o n  (deg) 
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ERROR = 2% 

CALCULATION 16 

BEALE NUMBER 

b r a k e  power  o u t p u t  
number = ---- (mean p r e s s u r e )  (swept  volume) ( f r e q u e n c y )  

(100) PWROUT 
NBEALE = (MLANBP)( PISTST) ( A R E A )  ( FREQ)  

PWROUT b r a k e  power o u t p u t ,  ana log  c i r c u i t  ( W )  
MEANBP mean bounce space p r e s s u r e  (kPa)  
PISTST power p i s t o n  s t r o k e  (cm)  
AREA 
FREQ o p e r a t i n g  f requency  o f  t h e  eng ine  ( H z )  

c ross  s e c t i o n  a r e a  o f  t h e  power p i s t o n  (cm2) 

ERROR = 3% 

34 



APPENDIX C 

Double V a r i a b l e  Data Set, (DVDS) 

L i s t i n g  o f  t h e  DVDS a r e  presented i n  t h i s  appendix. These da ta  p o i n t s  
were determined by l e t t i n g  t h e  s t r o k e  o f  t h e  power p i s t o n  be v a r i e d  over i t s  
range f o r  each one o f  t h e  da ta  p o i n t s  o f  t h e  S i n g l e  V a r i a b l e  Data Set (SVDS). 
The fo rmat  o f  t h e  l i s t i n g  i s  t h e  same as used f o r  t h e  SVDS. 
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APPENDIX C .  - DOUBLE VARIABLE DATA SE1,  (DVDS) 

N A S A  LEWIS S E N S I T I V I T Y  TEST DATA RE 1 0 0 0  FREE PISTON S T I R L I N G  ENGINE TEST D 0 0 3 ,  REC 1 1 / 1 7 / 8 3  0 9 : 5 6 : 3 9 . 7 6  R D G  5 9 8  

FLUID HELIUM BARON 1 4 . 2 6 8  P S I  REGENERATOR 2 DISPLRCEP. 1 STANDARD PISTON 

HEAT TO DASHPOT COOLING 
FLODP 4 . 1 7  L / X N  

TXINDP 1 6  . 5  DEG.C 
TDLEP 1 .55  DEG.C 
TI!CDPR 1 8 . 6  D1G.C 

PC!s!ER I N  
>.!IPS1 6 0 6 .  AMPS 
ARFS2 535 .  AMPS 
VOLTG 2 . 5 0  VOLTS 

ENGINE CHARGE PRESSURE 
PRESUP 7 4 1 1 .  KPA 

MEANBP 7 0 0 3 .  KPA 
MEANCP 7 0 2 6 .  KPA 

G A S  TEMPERATUF.ES 
TGEXP 5 6 6 . 0  DEG.C 

SURFACE TEKPERATUEES 
TOlHTR 5 1 1 . 2  DEG.C 
T02HTR 6 1 7 . 6  D3G.C 

TGRZGH 5 4 7 . 6  DEG.C T03HTR 6 1 0 . 5  D L 5 . C  
TG3ZGC 9 6 . 2  DEG.C T041ITR 6 0 2 . 9  DE‘;.C 
TGCOMP 4 5 . 7  DEC-.C T05HTR 6 0 9 . 2  DZG.C 
TGEO’JN 2 8 . 7  DEG.C T0611TR 5 8 6 . 2  DZG.C 

T072TP.  5 8 5 . 5  DEG.C 
TCGFITR 6 0 4 . 9  
TO?liT?. 6 2 1 . 1  
TlO!!?!? 5 5 2 . 6  
T l l l i T P .  6 0 1 . 0  
T12Hi’R 6 3 9 . 9  

CES . C 
DEG . C 
DEG . C 
D f G  . C 
E L ‘ ; .  C 

DEG . C 
DE‘;. C 
CEG. C 
DEG. C 
C Z G .  C 
DEG. C 
CES . C 

DEG . C 

YEAT TO COOLER 
FLOPLR 4 . C 2  
TXINZL 2 4 . 5  
TCLCL 5 . 4 2  
T!:OCLR 3 1 . 1 9  

CALCULATED PARAMETERS 
P!A!?Itl 2 8 4 8 .  WATTS 
GCOCLR 1 7 8 9 .  C!>.TTS 
GCSHTT 4 5 0 .  b!!ATTS 
EXTEFF 2 4 . 9  X 
TA‘/”TR 5 9 7 . 5  DEG . C 

?.?l?S 1 1 4 0 .  AMFS 
I:ITEFF 2 8 . 4  z 

VIBRATION 
V X ~ H O R  0.4 cn/s 
V Y I V E R  5 . 7  cn/s 

REMOTE CALCULATIONS 
L/MIN 
DEG . C 
DSG . C 
DEG. C 

1 
2 
3 
4 
5 
6 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
15 
1 6  

F51ROUT 7 0 9 .  LlATTS 
II(3FWR 7 3 9 .  LaIATTS 
P I S T S T  1 . 7 8  Cil 

PHASE ANGLES 
P A D I S P  5 4 . 7  DEG. 
PAPRES - 2 7 . 1  DEG. 

D I S P S T  2 . 1 8  CPl 
T13REG 5 6 6 . 3  

DYNPMIC CALCULATIONS 
PPMPC 7 5 3 .  KFA 

P I S T C P  2 . 5 0  CX 
TD f N33**x*x* k:PA 

PELREG*****+ k:PA 
PDLDIS****** KPA 

DISPCP 1 . e 9  cn 

PDLCLP***+=* w a  

T 1 4 3 3 G  5 3 2 . 1  
T15DSG 4 0 6 . 3  
T16?.ES+‘f*” 
T17P.ZG 3 5 7 . 7  
TlZR‘SG 3 3 1 . 5  
T19RLti 2 5 4 . 3  

QDISPG 3 .  W?.TTS 
G D I S P  15 .  !d.:TTS 
G:PEGl 1 0 3 .  RATTS 

ENGINE SPEED 
FREQ 2 9 . 9  HZ 

??.E52 1 2 2 .  C!?.TYS 
ORZG3 35 .  WATTS 
P F P  1 0 2 4 . 5  KPA/CM 
PTD 355.1 KPA/CM 
NBEALE 0 . 0 0 7 4 1  

T03HED 2 2 1 . 0  

N A S A  LEWIS S E N S I T I V I T Y  TEST DATA RE 1 0 0 0  FREE PISTON S T I R L I N G  ENGINE TEST D 0 0 3 ,  REC 1 1 / 1 7 / 8 3  1 0 : 0 1 : 4 8 . 7 8  RDG 5 9 9  

FLUID HELIUM BARON 1 4 . 2 6 8  P S I  REGENERATOR 2 DISPLACER 1 STANDARD PISTON 

HEAT TO DASHPOT COOLING POWER I N  ENGINE CHARGE PRESSURE G A S  TEgPERATURES 
FLODP 4 . 1 6  L I N I N  AMPS1 6 4 3 .  AMPS PRESUP 7147. KPA TGEXP 5 6 3 . 3  D I G . C  

TWINDP 1 6 . 7  DEG.C VOLTG 2 . 6 5  VOLTS MEANBP 6 9 9 6 .  KPA TGREGH 5 4 7 . 3  DEG.C 
ATlPSZ 568. AMPS 

SURFACE TEMPERATURES 
TOlIiT?. 5 9 4 . 8  DEG.C 
TOZHTP. 6 1 4 . 9  DEG.C 
T03HTX 6 1 2 . 3  D f G . C  
TOGHTR 6 0 1 . 6  3 E G . C  
TO5!!Ti? 6 0 7 . 2  DEG.C 

TDLDP 1 . 8 3  DEG.C 
T 2 3 3 P R  1 9 . 1  DEG.C 

MEANCP 7 0 1 9 .  KPA TCREGC 9 9 . 6  DEG.C 
TC-COX? 4 9 . 4  D I G . C  
TGBOUN 3 0 . 1  DEG.C T06HTX 5 8 9 . 3  D E F . C  

TG7HTP. 5 8 3 . 0  DEG.C 
TCSFTR 6 0 4 . 1  DEG.C 
TOSXTI? 6 2 2 . C  DEG.C 
TlOliT?. 5 5 0 . 5  DEG.C 
T l l H T T ,  6 0 1 . 0  DEG.C 
T12HTR 6 0 7 . 2  DEG.C 

HEnT TO COOLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS 
FLOCLR 4 . 0 6  L/MIN 1 PL.XIN 3 2 1 4 .  MATTS V X l H O R  0 . 4  CM/S PC!P.OUT 8 3 9 .  WATTS 
T!,!I:ICL 2 4 .  9 DEG . C 2 QCCOLR 2 0 1 0 .  NATTS VYl’JER 6 . 4  CM/S INDP!dR 8 7 8 .  I,!RTTS 

T!:3CLR 3 2 . 0 2  DEG.C 4 EXTEFF 2 6 . 1  X PHASE ANGLES D I S F S T  2 . 3 6  CM 
5 TAVHTR 5 9 9 . 0  DEG.C P A D I S P  5 5 . 4  DEG. 
6 i!ITEFF 2 9 . 4  Z PAPEES - 2 5 . 6  DEG. DYNP.MIC CALCULATIONS 

TDLCL 7 . 1 4  DEG.C 3 QDSliPT 5 3 1 .  WATTS PISTST 2 . 0 0  cn 
T13REG 5 6 3 . 8  DEG.C 
T14REG 5 2 9 . 8  DEG.C 
T15?.EG 4 0 4 . 5  DEG.C 

T17PEG 3 6 4 . 9  D E 5 . C  
T18RLG 3 7 8 . 5  DEG.C 
T19ZEG 2 5 4 . 0  D2G.C 

T16”S++Yi’* D C 5 . C  
8 AMPS 1 2 1 2 .  AWPS 
9 S D I S P G  3 .  WATTS 

1 0  Q D I S P  1 5 .  WATTS 

PP.i?PC 8 4 6 .  KPA 
D I S P C P  1 . 9 9  Cll 
P I S T C P  2 . 5 8  CN 

ENGINE SPEED 
FREP 2 9 . 8  HZ 

11 S!?EG1 1 0 1 .  C!ATTS 
1 2  QEEG2 1 2 3 .  WATTS 
1 3  QREG3 3 5 .  WATTS 
1 4  P F P  1 0 1 5 . 6  K P A K M  
15 PFD 3 7 6 . 6  KPA/CM 

T03HED 2 4 8 . 6  DEG.C 

1 6  NBEALE 0 . 0 0 7 8 3  

N A S A  LEWIS S E N S I T I V I T Y  TEST DATA RE 1 0 0 0  FREE PISTON S T I R L I N G  ENGINE T E S T  D 0 0 3 ,  REC 1 1 / 1 7 / 8 3  1 0 : 0 6 : 5 4 . 7 8  R D G  6 0 0  

FLUID HELIUM BARON 1 4 . 2 6 8  P S I  REGENERATOR 2 DISPLACER 1 STANDARD PISTON 

HEAT TO DASHPOT COOLING POWER I N  
FLODP 4 . 1 3  L I N I N  AEPS1 6 9 2 .  AMPS 

AM?S2 6 0 7 .  AMPS 
TUINDP 1 6 . 8  DEG.C VOLTG 2 . 8 4  VOLTS 
TDLDP 2 . 1 6  DEG.C 
TWOCPR 1 9 . 7  DEG.C 

ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES 
PRESUP 7 4 2 8 .  KPA TGEXP 5 6 2 . 2  DEG.C TOlllTR 5 9 9 . 6  DEG.C 

T02HTR 6 1 7 . 4  D E 3 . C  
MEANBP 7 0 0 1 .  KPA TGREGH 5 4 7 . 8  DEG.C T03HTR 6 1 7 . 2  D X . C  
MEANCP 7 0 3 1 .  KPA TGXEGC 1 0 3 . 0  DEG.C TO‘tHTR 6 0 3 . 1  DEG.C 

TGCCKP 5 3 . 5  DEG.C T05HTR 6 1 0 . 3  DEG.C 
TGBOUN 3 2 . 1  DEG.C TOSHTR 5 9 2 . 9  DEG.C 

T07HTX 5 8 4 . 0  D Z 5 . C  
TO8HTR 6 0 6 . 1  DZti.C 
T09liTR 6 2 5 . 6  D1G.C 

REMOTE CALCULATIONS TlOHTX 5 5 0 . 1  DEG.C 
PXFOUT 9 7 6 .  C!ATTS T11HTP. 6 0 3 . 6  DEG.C 
INEPWR 1 0 2 1 .  CILTTS T12HTR 6 0 9 . 4  DEG.C 
P I S T S T  2 . 2 1  C n  

HEAT TO COOLER CALCULATED PARAMETERS 
FLOCLR 4 . 0 9  L/MIN 1 Pl1RIN 3 6 8 4 .  WATTS 
TWIIICL 2 5 . 0  DEG.C 2 QCOOLR 2 2 9 6 .  WATTS 
TDLCL 8 . 0 9  DEG.C 3 QDSHPT 6 2 2 .  WATTS 
TLdOCLR 33 .11  DEG.C 4 E:!TE?F 2 6 . 5  X 

5 TA‘IHTR 6 0 1 . 6  DEG.C 
6 INTE,F 2 9 . 8  X 

VIBRATION 
V X l H O R  0 . 5  CM/S 
VYlVER 7 . 2  CM/S 

PItASE ANGLES 
P A D I S P  5 6 . 1  DEG 
PAPRES - 2 4 . 1  DEG 

D I S P S T  2 . 5 2  C;1 
T13REG 5 6 4 . 7  DEG.C 

DYNAMIC CALCULATIONS T14P.EG 5 3 0 . 9  DEG.C 
PAXPC 9 5 5 .  KPA T15REti 4 0 5 . 9  DEG.C 

P I S T C P  2 . 5 8  CM T17REG 3 6 8 . 4  D E 5 . C  
p Dy f(DE X XX X X X [< p A T18REG 3 8 1 . 4  DEG.C 
P DLCLR *-Y * 1: PA T19REG 2 5 6 . 9  DEG.C 

D I S P C P  2 . 0 1  CM T16REG‘YFYFX DE(;.C 

p DL?,EGY X X *E* KP A 

8 AnPS 1 2 9 9 .  AEPS 
9 Q D I S e G  3 .  WATTS 

1 0  Q D I S P  1 4 .  WATTS 
11 QREG1 1 0 1 .  WJ.TT.5 
1 2  QPEG2 1 2 1 .  GIATTS 
13 QREG3 3 4 .  WATTS 
1 4  P F P  1 0 2 7 . 1  KPA/CM 
15 PFD 3 7 2 . 6  KPA/CPI 
1 6  NBEALE 0 . 0 0 8 2 3  

ENGINE SPEED 
FREQ 2 9 . 9  HZ 

PDLDIS**+*** KPA T03YED 2 7 6 . 8  DEG.C 
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A P P E N D I X  C. - CONTINUED. 

NASA LE!4IS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 11/17/83 10:12:06.78 RDG 601 

FLUID HELIUM BARGM 14.268 PSI REGENERATOR 2 DISPLACER 1 STANDARD PISTON 

HEAT TO DASHPOT COOLING 
FLODP 4.12 L/IIIN 

TWINDP 17.1 DEG.C 
TDLDP 2.55 DEG.C 
TWODPR 20.2 DEG.C 

PCNER IN ENGINE CHP.P.GE PRESSURE 
PRESU? 7134. KPA 

G!.S TEMPER9,TURES 
TGEX? 557.6 DEG.C 

TGXEGH 543.3 DEG.C 
TGIIZGC 101.9 DZG.C 
TCCCMP 57.1 D X . C  
TGEGUN 34.1 DEG.C 

SUPFACE TEMPEPATVPES 
m TOlIiTII 598.3 3ES.C 
1 0 d n - 1 ,  615.7 D5G.C 

J.MPSl 742. AMPS 
LKPS2 627. AMPS 
VOLTG 2.98 VOLTS MEANBP 6983. KPA 

MEANCP 7021. K?A 
TO:!!T?. 616.6 DE5.C 
T04hTII 599.0 "5.C 
TC5!iiR 609.3 DI5.C 
T!!I.tiT? 5?0.2 DSG.C 
T07liTD 580.9 3EG.C 
T C 8 I I X  603.6 2Z:S.C 
T091iS'?. 522.6 CX5.C 
Tl@! iT i?  545.0 5 X . C  

YEAT TO COOLER 
FLOCLR 4.13 T,.'YIN 
5blIYCL 25.1 DEG. C 
TDLCL 9.03 DEG.C 
T!,:GCLR 34.11 DEG.C 

CALCULATED PARAMETERS 
1 PWRIN 4030. WATTS 
2 QCOOLR 2589. WATTS 
3 QDSHPT 730. WATTS 
4 EZTEFF 26.4 X 
5 TAVHT!? 597.2 DEG.C 
6 INTEFF 29.4 X 
8 ANFS 1369. AMPS 
9 QDISPG 3. WATTS 

10 ODISP 1 4 .  WATTS 
11 QRZG1 102. WATTS 
l 7  Q?.EG2 120. I4ATTS 
-1 QRZG3 34. L.!ATTS 
14 PFP 537.5 K?A/CM 
15 PFD 188.0 K?A/CM 
16 NBEALE 0.00843 

VIBRATION 
VXlHOR 0.5 CM/S 
VYlVER 7.8 C W S  

PHASE ANGLES 
PADIS? 57.1 DEG. 
PAPRZS -22.5 DEG. 

ENGINE SPEED 
FRZQ 29.9 HZ 

.EPIOTE CALCULATIONS 
fX?OUT 1077. L!ATTS 
It:DP:<?, 1125 . I*!:.TTS 
PISTST 2.38 CX 
DISPST 2.65 CX 

TllilTR 6C1.4 C i - 5 . C  
Tl2HTi'. 607.7 D1F.C 

T13REG 561. 0 DEG.C 
9 DZ5.C 
9 DEG.C 
EZ5.C 

2 3 E . C  
2 EZ6.C 
1 DZC-.C 

9 DEG.C 

DYNAMIC CALCULATIONS 
FFiiPC 546. KPA 

T17?ZG 357 
TlZDEG 378 
T19?.EC 252 

T03HED 285 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 11/17/83 10:17:21.80 RDG 602 

FLUID HELIUM BARON 14.268 PSI REGENERATOR 2 DISPLACER 1 STANDARD PISTON 

FLODP , . - - ...-.. 
TWINDr 1 1 . 3  u t t i . ~ ;  
TDLDP 2.94 DEG.C 
TWODPR 20.9 DEG.C 

HI EAT TO DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES 
V . l U  L/IIJ.N AMPS1 776. AMPS PRESUP 7482. KPA TGEXP 554.8 DEG.C TOlHTR 609.3 DEG.C -~ - _ - _ _ _  AyPSj2 $51. AMPS T02HTR 609.9 DEG.C 

VOLTG 3.11 VOLTS MEANBP 7013. KPA TGREGH 547.0 DEG.C T03HTR 619.7 DEG.C MEANCP 7056. KPA TGREGC 101.9 DEG.C TO4HTR 594.8 DEG.C 
TGCOMP 61.6 DEG.C T05HTR 604.4 DEG.C 
TGBOUN 36.9 DEG.C TO6HTR 602.3 DEG.C 

T07HTR 573.2 DEG.C 
TO8HTR 605.9 DEG.C 
TO9HTR 619.2 DEG.C 
TlOHTR 546.2 DEG.C 
T11HTR 603.4 DEG.C 
Tl2HTR 603.9 DEG.C 

HEAT TO COOLER 
FLOCLR 4.17 
TWINCL 25.2 
TDLCL 9.63 

CALCULATED PARAMETERS 
PWRIN 4433. WATTS 
QCOOLR 2789. WATTS 
QDSHPT 8 4 0 .  WATTS 
EXTEFF 27.4 2 

VIBRATION 
VXlHOR 0.5 CM/S 
VYlVER 8 . 5  CM/S 

REMOTE CALCULATIONS 
PWROUT 1216. WATTS L/MIN 1 

2 
3 
4 

INDPWR 1262. WATTS 
PISTST 2.58 CM 
DISPST 2.72 CM TWOCLR 34. SO PHASE ANGLES 

PADISP 57.1 DEG. 
PAPRES -21.6 DEG. 

5 
6 
8 
9 

10 
11 
12 
13 
14 
15 
16 

TAVHTR 599;3 DEG.C 
INTEFF 30.4 X 
AMPS 1427. AMPS 
QDISPG 3. WATTS 
QDISP 14. WATTS 
QREGl 106. WATTS 
QREG2 121. WATTS 
QREG3 34. WATTS 
PFP 1019.5 KPA/CM 

T13REG 553.7 DEG.C 
DYNAMIC CALCULATIONS 

PAMPC 1127. KPA 
DISPCP 2.11 CM 
PISTCP 2.64 CM 

T14REG 514.8 DEG.C 
T15PEG 376.7 DEG.C 
T16REG****** DEG.C 
Tl7P.EG 355.8 DEG.C 
T18REG 366.0 DEG.C 

ENGINE SPEED 
FREQ 29.9 HZ 

P DY N DB * * ** ** kP A 
PDLCLR****x* KPA 
PDLREG****** KPA 
PDLDIS****** KPA 

T19REG 235.5 DEG.C 

TO3HED 293.5 DEG.C PFD 362.7 KPA/CM 
NBEALE 0.00875 

IYHSA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 07/26/84 15:35:55.03 RDG 1006 

FLUID HELIUM BARON 14.303 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON 

HEAT TO DP.SHPOT COOLING POGlER IN 
FLCJCP 3.96 IJMIN AMPS1 534. AMPS 

RMPS2 503. AMPS 
TWINDP 17.7 DEG.C VOLTG 2.25 VOLTS 
TDLDP 1 15 DEG.C 
T!IODPR 1 :.6 DEG.C 

ENGINE CHARGE PRESSURE 
PRESUP 7365. KPA 

GAS TEMPERATURES 
TGEXP 567.8 DEG.C 

TGREGH 564.5 DEG.C 
TGREGC 90.7 DEG.C 
TGCOMP 39.9 DEG.C 
TGBOUN 27.9 DEG.C 

SURFACE TEMPERATURES 
TOlHTR 601.6 DEG.C 
T02HTR 605.5 DEG.C 
TO3HTR 612.6 DEG.C 
T04HTR 606.4 DEG.C 
T05HTR 614.3 DEG.C 
T06HTR 606.3 DEG.C 
T07HTR 604.5 DEG.C 
TOBHTR 584.1 DEG.C 
T09HTR 608.8 DEG.C 
TlOHTJ? 5?1.S DEG.C 
TllHTR 578.7 DEG.C 
TlZHTR 580.2 DEG.C 

MEANBP 7011. KPA 
MEANCP 7040. KPA 

IEAT TO COOLER CALCULATED PARAMETERS 
F'LOCLR 4.22 L/MTN 1 FWRIN 2338. WATTS 
TC!INPL 24.7 DEG.C 2 QCOOLR 1892. WATTS 
TDLCL 6.47 DEG.C 3 QDSHPT 317. WATTS 
T!!OCLR 29.47 DEG.C 4 EXTEFF 22.7 Z 

5 TAVHTR 539.6 DEG.C 
6 INTEFF 21.9 Z 
8 AMPS 1037. AMPS 
9 QDISPG 3. WATTS 

VIBRATION 
VXlHOR 0.2 CM/S 
VYlVER 5.9 CM/S 

REMOTE CALCULATIONS 
PWROUT 532. WATTS 
INDPWR 570. WATTS 
PISTST 1.80 CM 
DISPST 1.83 CM PHASE ANGLES 

PADISP 56.0 DEG. 
PAPRES -19.8 DEG. T13REG****** DEG.C 

DYNAMIC CALCULATIONS 
PAMPC 792. KPA 
DISPCP 2.13 CM 
PISTCP 2.31 CM 
PDYNDB****** KPA 
PDLCLR 3.22 KPA 
PDLREG 37.33 KPA 
PDLDIS 65.16 KPA 

T14REG 518.3 DEG.C 
T15REG 384.4 DEG.C 
Tl6REG 386.7 DEG.C 
T17REG 376.6 DEG.C 
T18REG 372.8 DEG.C 

ENGINE SPEED 
FREQ 30.2 HZ 1 0  QDISP 15. WATTS 

11 QREG1 119. WATTS 
12 QREG2 118. WATTS 
13 QXEG3 37. WATTS 
14 PFP 1029.1 KPA/CM 
15 PFD 353.7 KPWCM 

T19REG 225.5 DEG.C 

T03HED****** DEG.C 
16 HSEALE 0.00544 
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APPENDIX C. - CONTINUED. 

N4SA LEWIS SEMITIVITY TEST DATA PE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 07/26/84 15:40:22.06 RDG 1007 

FLUID HELIUM BAPOM 14.303 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON 

EAT TO DASWPOT COOLIIIG 
ILC')P 3.94 L/r?IV 

POLlYR TN 
AMIS1 571. AMPS 
A,l:FS2 533. F,MFS 
VOLTG 2.40 VOLTS 

ENGINE CHARGE PRESSURE GAS TEMPERATURES 
PRESIJP 7469. KPA TGEXP 564.8 DEG.C 

MEANBP 6982. KPA TGREGH 563.7 DEG.C 

SURFACE TEMPERATURES 
TOlHTR 602.6 DEG.C 
TOZHTR 605.0 DEG.C 
TOJHTR 613.7 DEG.C 
T04HTR 605.5 DEG.C 
T05HTR 615.7 DEG.C 
T06HTR 607.1 DEG.C 
T07HTR 605.4 DEG.C 

TllIND? 17.8 DEG C 
TDLDP 1.42 0CG.C 
TL!̂ ,CTR 19.8 Dr'5.C 

MEANCP 7013. KPA TGREGC 92.6 DEG.C 
TGCOMP 42.0 DEG.C 
TGBOUN 29.0 DEG.C 

TO8HTR 583.8 DFG.C 
T09HTR 609.7 DEG.C 
TlOHTR 590.4 DEG.C fE4T TO COOLER 

€T.OCLR 4.24 L/MIN 
CALCULATED PAPAMETERS 
PWRIN 2648. WATTS 
QCCOLR 2 0 0 4 .  HATTS 
QDZHFT 390. WF,TTS 

VIBRATION REMOTE CALCULATIONS 
VXIHOR 0.3 CM/S FWROUT 622. WATTS 
VYlVER 6.6 CM/S INDFWR 665. WATTS 

PISTST 2.01 CM 

TllHTR 577.8 DEG.C 
TlZHTR 577.7 DEG.C TLTYCL 2ct.7 DEG.C 

Ti)J,CL 6 .82 DFG.C 
T;!OCLR 29.95 DE5.C EXTEFF 23.5 2 

TA'JHTR 579.5 DEG.C 
INTEFF 23.7 Z 

ODISPG 3. WATTS 
AVS 1104. Amps 

PHASE ANGLES 
PADISP 56.6 DEG. 
PAPRES -18.9 DEG. 

DISPST 1.97 CM 
T13REG****** DEG.C 
Tl4REG 517.9 DEG.C 
T15REG 385.7 DEG.C 

DYNAMIC CALCULATIONS 
PAMPC 881. KPA 
DISPCP 2.24 CM 
PISTCP 2.34 CM 
PDYNDB***'** KPA 
PDLCLR 3.73 KPA 

ENGINE SPEED 
FREQ 30.2 HZ 

T16REG 388.3 DEG.C 
T17REG 377.9 DEG.C 
T18REG 373.3 DEG.C 10 03I:'P 15. WATTS 

1 1  CPEG1 118. W4TTS 
12 Q F L G ?  117. !*IATTS 
13 Q P E G 3  36. WATTS 
14 PFP 1018.7 KPA/CM 
15 PFD 345.8 KPA/Cil 

T19PEG 228.0 DEG.C 
PDLREG 42.43 KPA 
PDLDIS 73.65 KPA T03HED****** DEG.C 

16 tIBEALE 0.00573 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FP.EE PISTON STIRLING ENGINE TEST D003, REC 07/26/84 15:46:40.06 RDG 1008 

FLUID HELIUM RAPOM 14.303 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON 

iEAT TO DASHPzT CCOLING FL'WEP IN ENGINE CHARGE PRESSURE GAS TEMPERATURES 
PRESUP 7055. KPA TGEXP 562.6 DEG.C FLODP 3 . 9 4  L / I l I N  ANPS1 604. AMPS 

AiiFS2 557. AKPS 
TGIINDP 17;8 DEG.C 
TDLDP 1.12 DEG.C 
TWCIDPR 20.2 DEG.C 

VOLi'G 2.53 VOLTS MEANBP 6988. KPA TGREGH 563.2 DEG.C 
flEANCP 7023. KPA TGREGC 94.9 DEG.C 

TGCOMP 45.4 DEG.C 
TGBOUN 30.6 DEG.C 

SURFACE TEMPERATURES 
TOlHTR 603.8 DEG.C 
T02HTR 604.7 DEG.C 
T03HTR 615.3 DEG.C 
T04HTR 605.1 DEG.C 
T05HTR 617.5 DEG.C 
T06HTR 608.2 DEG.C 
T07HTR 606.3 DEG.C 
T08HTR 584.0 DEG.C 
T09HTR 610.7 DEG.C 
TlOHTR 589.5 DEG.C :4T TO COOLER CRLCULATED PARAMETERS 

FLOCLP. 4.23 L/MN 1 FWRIN 2930. WATTS 
TLIItlCL 24.7 DEG.C 2 QCCOLR 2233. WATTS 
TDLCL 7.61 DEG.C 3 ODSIiPT 4 7 0 .  W4TTS 
TLJOCiR 30.73 DEG.C 4 EXTEFF 24.0 2 

5 TRVIiTR 599. 9 DEG.C 

VIBRATION 
VXlHOR 0.3 CM/S 
VYlVER 7.2 CM/S 

PHASE ANTLES 
PADISP 56.7 "G. 
PJ.PRES -17.7 LEG. 

REMOTE CALCULATIONS 
PWROUT 703. WATTS 
INDPWR 753. WATTS 
PISTST 2.20 CM 
DISPST 2.09 CM 

TllHTR 577.5 DEG.C 
TlZETR 576.1 DEG.C 

P13REG****** DEG.C 
D'-'NAMIC CALCULATIONS T14REG 518.7 DEG.t' 

T15REG 388.8 DEG.C 
T16REG 389.2 DEG.C 
T17REG 380.1 DEG.C 
Tl8REG 376.6 DEG.C 

6 INTZrF 23.9 X 
8 P,!lF!S 11 6 0 . fNPS 
9 QDISPG 3. WATTS 

10 CCISP 15. WATTS 
11 CPEGl 117. WATTS 

PAMPC 979. KPA 
DISPCP 2.27 CM 
PISTCP 2.34 CM 
PDYNDB**Y*** KPA 
PDLCLR 4.07 KPA 
PDLREG 47.86 KPA 
PDLDIS 82.13 KPA 

ENGI IE SPZED 
FREP 30.2 HZ 

Tl9REG 232.8 DEG.C 

T03HEDY***** DEG.C 
iz Q?E';z 115. W ~ T T S  
13 PPEG3 36. WATTS 
14 PTP 1025.2 EPAICM 
15 FFD 339.6 KPAICM 
16 l:3EALE 0.00589 

NASA LEWIS SENSITIVITY TFST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 07/26/84 15:50:22.06 RDG 1009 

FLUID HELIUM BAROM 14.303 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON 
ENGINE CHARGE PRESSURE 

PRESUP 7339. KPA 

MEANBP 6999. KPA 
MEANCP 7036. KPA 

GAS TEMPERATURES 
TGEXP 561.2 DEG.C 

TGREGH 558.0 DEG.C 
TGREGC 94.3 DEG.C 
TGCOIIP 48.5 DEG.C 
TGBOUN 32.1 DEG.C 

SURFACE TEMPERATURES HEAT TO DASHPOT COOLING POWER IN 
ELOUP 3.97 L/r?It( AMPS1 637. AMPS 

A!lF.'S2 585. AMPS 
TWINDP 1 ! .8 DEG .C VOLTG 2.66 VOLTS 
TDLDP 1.97 DEG.C 

~~~ 

TOlHTR 602.1 DEG.C 
T02HTR 608.6 DEG.C 
TO3HTR 616.2 DEG.C 
T04HTR 604.3 DEG.C 
T05HTR 620.1 DEG.C 
T06HTR 611.6 DEG.C 
T07HTR 610.2 DEG.C 
T08HTR 581.4 DEG.C 
T09HTR 609.4 DEG.C 
TlOHTR 588.8 DEG.C 
TllHTR 573.6 DEG.C 
T12HTR 577.0 DEG.C 

' W A T  TO COOLER 
~ FLOCLR 4.23 L/MIN 

TWINCL 24.7 DEG.C 
TDLCL 8.53 DEG.C ' TWOCLR 31.51 DEG.C 

CALCULATED PARAMETERS 
1 PWRIN 3253. WATTS 
2 QCOOLR 2505. WATTS 
3 QDSHPT 545. W.4TTS 
4 EXTEFF 24.4 2 

VIBRATION 
VXlHOR 0.3 CM/S 
VYlVER 7.9 CM/S 

REMOTE CALCULATIONS 
PWROUT 794. WATTS 
INDPWR 856. WATTS 
PISTST 2.40 CM 
DISPST 2.22 CM 

DYNAMIC CALCULATIONS 
PAMPC 1063. KPA 
DISPCP 2.37 CM 
PISTCP 2.38 CM 
PDYNDB****** KPA 
PDLCLR 5.43 KPA 
PDLREG 52.95 KPA 
PDLDIS 90.28 KPA 

PHASE ANGLES 
PADISP 57.1 DEG. 
PAPRES -16.5 DEG. 

T13REG****** DEG.C 
T14REG 517.8 DEG.C 
Tl5REG 384.9 DEG.C 

5 TAVHTR 600.3 DEG.C 
6 INTEFF 24.1 2 
8 &IPS 1222. AMPS 
9 QCISPG 3. W4TTS 

10 QDISP 15. WATTS 
ENGINE SPEED 

FREQ 30.2 HZ 
T16REG 378.4 DEG.C 
T17REG 364.0 DEG.C 
Tl8REG 364.0 DEG.C 
T1'9REG 231.2 DEG.C 

T03HED****** DEG.C 

11 OREG1 108. WATTS 
12 QREG2 125. WATTS 
13 QREG3 36. WATTS 
14 PFP 1012.0 KPAfCM 
15 PFD 324.2 KPA/CII 
16 NBEALE 0.00609 38 ORIGINAL PAGE IS 
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APPENDIX  C .  - CONTINUED.  

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 97/26/84 15 55:25.06 RDG 1010 55:25.06 RDG 1010 

SURFACE TEMPEFATUPES 
TOlHTR 598.1 DEG.C 
TOZHTR 610.5 DEG.C 
TO3HTR 614.9 DEG.C 
T04HTR 601.4 DEG.C 
TO5HTR 621.1 DEG.C 
T06HTR 613.0 DEG.C 
T07HTR 611.9 DEG.C 
T08HTR 576.7 DEG.C 
T09IiTR 605.4 DEG.C 
TlOHTR 586.4 DEG.C 
TllHTR 567.1 DEG.C 
T12HTR 576.9 DEG.C 

T13REGY**+** DEG.C 
T14PEG 510.3 DEG.C 
T15REG 368.0 
T16REG 350.7 
T17REG 331.5 
T18REG 338.9 
T19REG 221.0 

TO 3HED*+**** 

FLUID HELIUM BAFOM 14.303 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON 

HEAT TO DP.SHPOT COOLING FOClER IN ENGINE CHARPJE PRESSURE GAS TEMPERATURES 
FLOPP 3.96 LININ AFl?Sl 673. AMPS PRESUP 7464. KPA TGEXP 557.5 DEG.C 

TWINDP 17.8 DEG.C VOLTG 2.82 VOLTS MEANBP 6988. KPA TGREGH 548.5 DEG.C 
TDLDP 2.21 DEG.C t!EANCP 7032. KPA TGPEGC 90.7 DEG.C 
TKOETR 20.8 DZ5.C TGCOllP 55.7 DEG.C 

TGBOIJN 33.4 DEG.C 

AKFSZ 619. AMPS 
SURFACE TEMPERATURES 
TOlHTR 598.1 DEG.C 
TOZHTR 610.5 DEG.C 
TO3HTR 614.9 DEG.C 
T04HTR 601.4 DEG.C 
TO5HTR 621.1 DEG.C 
T06HTR 613.0 DEG.C 
T07HTR 611.9 DEG.C 
T08HTR 576.7 DEG.C 
T09IiTR 605.4 DEG.C 
TlOHTR 586.4 DEG.C HEAT TO COOLER 

FLOCLR 4 . 2 2  L/MIN 
TGII!(CL 24.8 D6G.C 
TGLCL 9.34 DEG.C 

1 
2 
3 
4 
5 
6 
8 
9 

10 
1 1  
12 
13 
14 
15 

CALCULATED PARAMETERS 
PLIFIN 3643. CIATTS 

VIBRATION 
VXlHOR 0.4 CM/S 
VYlVER 8.5 CM/S 

REMOTE CALCULATIONS 
PWROUT 866. WRTTS 
INDFWR 939. WATTS 
PISTST 2.60 CM 
DISFST 2.34 CM 

DYNAMIC CALCULATIONS 
PPMPC 1147. KPA 
DISPCP 2.37 CM 
PISTCP 2.33 CM 
PDi't(DSY*Y*** KPA 

TllHTR 567.1 DEG.C 
T12HTR 576.9 DEG.C QCOOLR 2736. WATTS 

CDSHPT 607. WZTTS 
E%TF,FF 23.8 X TWGCLR 32.52 DEG.C PHASE ANGLES 

PADISP 57.5 DEG. 
PAFRES -15.7 DEG. 

TAVIITR 5 98.6 DEG. C 
I N T E F F  24.0 X 

T13REGY**+** DEG.C 
T14PEG 510.3 DEG.C 
T15REG 368.0 
T16REG 350.7 
T17REG 331.5 
T18REG 338.9 
T19REG 221.0 

TO 3HED*+**** 

F.!:FS 1 2 9 2 .  AMPS 
QDISPG 3. WATTS 
QDISP 14. llATTS 

DEG. C 
DEG . C 
DEG. C 
DEG . C 
DEG. C 

DEG . C 

1 

ENGINE SFEED 
FPEQ 30.1 HZ 

QREGl 96. WATTS 
QF.EG2 139. WATTS 
CREG3 35. L!ATTS 
FFP 1002.8 KPA/CM 
PFD 314.1 KPAICM 

PDLCLR 6.79 KPA 
PDLP.EG 55.66 KPA 
PDLDIS 15.71 KPA 

16 NBEALE 0.00617 

NASA LEUIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 07/26/84 16:00:55.09 RDG 1 0  

FLUID HELIUM BARON 14.303 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON 

HEAT TO DASHPOT COOLING POWER IN EHGINE CHARGE PRESSURE GAS TEMPERATURES 
r'LODP 3.93 L/MIN AllPSl 702. AMPS PRESUP 7063. KPA TGEXP 555.5 DEG.C 

VOLTG 2.98 VOLTS MEANBP 6987. KPA TGREGH 545.4 DEG.C T!dINDP 17 .8 DEG . C 
TDLDP 2.67 D6G.C MELNCP 7034. KPA TGREGC 92.1 DEG.C 

TGCOMP 61.1 DEG.C TC!r)DPR 21.2 DEG.C 
TGBOUN 35.8 DEG.C 

AIIFSZ 653. m P s  
SURFACE TEMPERATURES 
TOlHTR 598.9 DEG.C 
TOZHTR 612.9 DEG.C 
T03HTR 617.1 DEG.C 
T04HTR 602.4 DEG.C 
T05HTR 624.1 DEG.C 
T06HTR 616.0 DEG.C 
T07HTR 614.9 DEG.C 
T08HTR 576.4 DEG.C 
T09HTR 606.9 DEG.C 
TlOHTR 586.4 DEG.C 
TllHTR 566.2 DEG.C 

HEAT TO COOLER 
FLOCLR 4.23 L/MIN 
TKNCL 24.9 DEG.C 
TDLCL 10.32 DEG.C 
TWOCLR 33.65 DEG.C 

CALCULATED PARAMETERS 
1 PWRIN 4038. WATTS 
2 QCOOLR 3032. WATTS 
3 QDSIIFT 732. WATTS 
4 EXTEFF 23.7 % 

VIBRATION 
VXlHOR 0 . 4  CM/S 
VYlVER 9.2 CM/S 

PHASE ANGLES 
PADISP 57.5 LEG. 
PQ7RES -15.2 DEG. 

REMOTE CALCULATIONS 
PWROUT 955. WATTS 
INDPWR 1030. WATTS 
PISTST 2.80 CM 
DISPST 2.45 CM 

DYNAMIC CALCULATIONS 

T12HTR 577.3 DEG.C 

5 TAVETR 600.0 DEG.(' 
6 INTEFF 24.0 2 

9 QDISPG 3. WATTS 
10 CDISP 14. WATTS 
1 1  QPEGl 90. WATTS 
12 QREGZ 146. WATTS 
13 QREG3 35. WATTS 
14 PFP 1010.0 KPAICM 

8 LriPs 1355. AMPS 
T13REGr***+* DEG.C 
T14REG 506.8 DEG.C 
T15REG 359.0 DEG.C 
T16REG 339.8 DEG.C 
T17REG 317.8 DEG.C 
T18REG 326.8 DEG.C 
T19REG 216.2 DEG.C 

T03HED**'*** DEG.C 

PAMPC 1250. KPA 
DISPCP 2.36 CM 
PISTCP 2.29 CM 
PDYt(CB****** KPA 
PDLCLR 8.82 KPA 

ENGINE SPEED 
FREQ 30.1 HZ 

PDLREG 60.4I KPA 
PDLDIS103.52 KPA 

15 PFD 317.9 KPA/CM 
1 6  XBEALE 0.00631 

NASA LEWTS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 07/26/84 16:03:22.09 RDG 1012 

FLUID HELIUM BAPOM 14.303 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON 

HEAT TO DASHPOT COOLING POWER IN 
FLODP 5.93 L/MIN AMrSl 742. AMPS 

REFS2 683. AMPS 
TWINDP 17.9 DEG.C VOLTG 3.13 VOLTS 
TDLDP 2.69 DEG.C 
TKCDPR 21.4 DEG.C 

SURFACE TEMPERATURES 
PRESUP 7066. KPA TGEXP 552.5 DEG.C TOlHTR 598.1 DEG.C 

T02HTR 613.6 DEG.C 

ENGINE CHARGE PRESSURE GAS TEMPERATURES 

MEANBP 7000. KPA TGREGH 540.3 DEG.C TO3HTR 617.4 DEG.C 
T04HTR 601.2 DEG.C MERNCP 7049. KPA TGREGC 92.6 DEG.C 

TGCOMP 65.4 DEG.C T05HTR 625.1 DEG.C 
T06HTR 616.7 DEG.C 
TO7HPA 615.6 DEG.C 
TOBHTR 574.6 DEG.C 
TO9HTR 606.0 DEG.C 
TlOHTR 585.4 DEG.C VIBRATION REMOTE CALCULATIONS TllHTR 563.2 DEG.C 

T12HTR 576.1 DEG.C 
PISTST 3.00 CM 

PHASE ANGLES DISPST 2.51 CM 

TGBOUN 37.2 DEG.C 

VXlHOR 0 . 4  CM/S PWROUT 1026. WATTS 
VYlVER 9.8 CM/S INDPWR 1100. WATTS 

T13REG****** DEG.C PP.DISP 57.6 DEG. 

AEkT TO COOLER 
FLOCLR 4.24 L/MIN 
TI,IIt{CL 24. 9 DEG . C 

CALCULATED PARAMETERS 
1 PL!RIN 4467. LIATTS 
2 QCOOLR 3265. WATTS 

TDLCL 11.10 DEG.C 
TW3CLR 34.54 DEG.C 

3 QCSHPT 791. WATTS 
4 EZTEFF 23.0 X 
5 TAVHTR 599.4 DEG.C 
6 INTEFF 23.9 Z 
8 AlIPS 1426. AMPS 

T14REG 500.1 DEG.C PAPRES -14.0 DEG. DYNAMIC CALCULATIONS T15REG 346.2 DEG.C 
PAMPC 1344. KPA 

ENGINE SPEED DISPCP 2.35 CM T16REG 326.9 DEG.C 
FREQ 30.2 HZ PISTCP 2.26 CM T1:REG 303.8 DEG.C 

Tl8REG 313.6 DEG.C PDYNDB****** KPA 

9 QDISPG 3. WP.TTS 
10 QDISP 14. WATTS 
11 CREGl 85. WATTS 
1 2  Q E E G 2  151. 14ATTS 
13 9REG3 35. WATTS 
1 4  PFP 1007.4 KPA/CM 

TlFREG 208.9 DEG.C PDLCLR 11.20 KPA 
PDLREG 63.81 KPA 
PDLDIS109.97 KPA TO3HED****** DEG.C 

15 PFD 306.5 k:PA/CM 
16 NBEALE 0.00631 
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APPENDIX C. - CONTINUED. 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 07/26/84 16:10:31.09 RDG 1013 

FLUID HELIUM BAROM 14.303 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON 

HEAT TO 
FLODP 

DASHPOT COOLING 
3. 91 L/MIN 

POWER IN 
AMPS1 494. AMPS 
AMPS2 487. AMPS 

ENGINE CHARGE PRESSURE 
PRESUP 7273. KPA 

MEANBP 7014. KPA 
MEANCP 7048. KPA 

GAS TEMPERATURES 
TGEXP 521.6 DEG.C 

TGREGH 517.7 DEG.C 
TGREGC 8 8 . 2  DEG.C 
TGCOMP 43.2 DEG.C 
TGBOUN 34.1 DEG.C 

SURFACE TEMPERATURES 
TOlHTR 551.8 DEG.C 
TOPHTR 556.2 DEG.C 
TO3HTR 562.5 DEG.C 
T04HTR 556.3 DEG.C 
T05HTR 565.1 DEG.C 
T06HTR 557.6 DEG.C 

TWINDP 17.9 
TDLDP 1.65 
Tli3DPR 20 .2 

DEG . C 
DE';. C 
DEG . C 

VOLTG 2.14 VOLTS 

T07HTR 555.8 DEG.C 
TOBHTR 535.2 DEG.C 
T09HTR 559.3 DEG.C 

HEAT TO COOLER 
FLOCLR 4.23 
TWINCL 24 .8 
TDLCL 6.73 
TWOCLR 29.88 

LININ 
DEG. C 
DEG. C 
DEC . C 

1 
2 
3 
4 
5 
6 
8 
9 
10 
11 
12 
13 
14 
15 
16 

CALCULATED PARAMETERS 
PWRIN 2100. WATTS 
QCOOLR 1978. WATTS 
QDXIFT 449. W4TT.Z; 
EXTEFF 22.8 Z 
TAVHTR 550.5 DEG.C 
INTEFF 19.5 2 

QDISPG 3. WATTS 
m p s  981. AMPS 

VIBRATION 
VXlHOR 0.2 CM/S 
VYlVER 6.0 CM/S 

PHASE ANGLES 
PADISP 57.8 DEG 
PAPRES -17.6 DEG 

ENGINE SPEED 
FREQ 30.2 HZ 

REMOTE CALCULATIONS 
PWROUT 479. WATTS 
INDPWR 514. WATTS 
PISTST 1.80 CM 
DISPST 1.81 CM 

TlOHTR 543.0 
TllHTR 530.5 
T12HTR 532.3 

DEG . C 
DEG . C 
DEG . C 

DEG . C 
DEG . C 
DEG.C 
DEG . C 
DEG. C 
DEG . C 
DEG.C 

DEG . C 

T13REG****** 
T14REG 477.8 
T15REG 357.7 

DYNAMIC CALCULATIONS 
PAMPC 792. KPA 
DISPCP 2.16 Cfl 
PISTCP 2.31 CM 
PDYNDS****** KPA 

T16REG 359.1 
T17REG 348.7 
T18REG 346.4 

QDISP 14. WATTS 
QREGl 108. WATTS 
CPEG2 107. WATTS 
QPES3 33. WATTS 
PFP 1004.7 KPA/CM 

PDLCLR 3.05 KPA 
PDLREG 37.33 KPA 
PDLDIS 68.56 KPA 

T19REG 213.1 

T03HED****** 
PFD 312.6 K?A/CM 
NBEALE 0.00489 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 07/26/84 16:15:40.12 RDG 1014 

FLUID HELIUM BAROM 14.303 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON 
SURFACE TEMPERATURES ENGINE CHARGE PRESSURE GAS TEMPERATURES TGEXP 518.2 DEG.C TOlHTR 553.9 DEG.C PRESUP 7176. KPA AMPS1 537. AMPS FLODP 3.94 L / M I N  T02HTR 555.2 DEG.C AKF'S2 518. AMPS T03HTR 564.7 DEG.C 

MEANBP 6998. KPA TGREGH 517.7 DEG.C VOLTG 2.30 VOLTS TO4HTR 556.1 DEG.C TWINDP 17.9 DEG.C 
MEANCP 7034. KPA TGREGC 89.4 DEG.C 

TGCOMP 44.9 DEG.C T05HTR 566.8 DEG.C TDLDP 1.82 DEG.C 
T06HTR 557.4 DEG.C TRODPR 20.4 DEG.C TGBOUN 34.7 DEG.C 
T07HTR 555.6 DEG.C 
T08HTR 536.2 DEG.C 
T09HTR 560.4 DEG.C 

POWER IN dEAT TO DASHPOT COOLING 

HEAT TO COOLER 
FLOCLR 4 . 2 2  L/MIN 
TWINCL 24.5 DEG.C 

1 
2 
3 
4 

CALCULATED PARAMETERS 
PWRIN 2423. WATTS 

VIBRATION 
VXlHOR 0.3 CM/S 
VYlVER 6.6 CM,; 

REMOTE CALCULATIONS 
PkROUT 544. WATTS 
INDPWR 582. WATTS 
PISTST 1.99 CM 
DISPST 1.93 CM 

DYNAMIC CALCULATIONS 
PAMPC 871. KPA 
DISPCP 2.33 CM 
PISTCP 2.31 CM 
PDYNDB****** KPA 
PDLCLR 3.56 KPA 
PDLREG 42.76 KPA 
PDLDIS 74.33 KPA 

TlOHTR 542.4 DEG.C 
TllHTR 530.3 DEG.C 
T12HTR 529.9 DEG.C 6COOLR 2073. LIATTS 

QDSHPT 498. WATTS 
EXTEFF 22.4 Z 

TDLCL 7.07 DEG.C 
TWOCLR 30.05 DEG.C PHASE ANG,ES 

P2..)IS7 58.1 DEG. 
PAPRE3 -16.7 DFG. 

T13REG****** DEG.C 
T14REG 476.5 DEG.C 5 

6 
8 
9 

10 
11 
12 
13 

TAVHTR 550.8 DEG.C 
It(TEFF 20 .8 Z Tl5REG 358.2 DEG.C 

T16REG 359.3 DEG.C 
T17REG 351.5 DEG.C 

AilFS 1054. AMPS 
QDISPG 3. WATTS 
QDISP 13. WATTS 
QREG1 109. WZTTS 
QREG2 103. WATTS 
QREG3 33. WATTS 

ENGINE SPEED 
FREQ 30.1 HZ 

T18REG 348.9 DEG.C 
T19REG 215.1 DEG.C 

T03HED****** DEG.C 14 
15 
16 

FFP 993.7 KPAICM 
PFD 305.2 KPA/CM 
NBEALE 0.00505 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 07/26/84 16:20:22.12 RDG 1 0 1 5  

FLUID HELIUM BAROM 14.303 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON 

MEAT TO DAS:;POT COOLING POWER IN 
FLODP 4.10 L/MIN AllPSl 573. AMPS 

AMPS2 552. AMPS 
TWINDP 18.0 DEG.C VOLTG 2.45 VOLTS 
TDLDP 1.87 DEG.C 
TWODFR 20.5 DEG.C 

ENGINE CHARGE PRESSURE GAS TEMPERATURES 
PRESUP 7276. KPA TGEXP 515.3 DEG.C 

SURFACE TEMPERATURES 
TOlHTR 555.3 DEG.C 
T02HTR 554.2 DEG.C 
T03HTR 566.5 DEG.C 
T04HTR 5 5 5 . 3  DEG.C 
T05HTT. 5C9.5 DEG.C 
T06HTR 557.5 DEG.C 
T07HTR 555.6 DEG.C 
T08HTR 536.4 DEG.C 
T09HTR 561.0 DEG.C 
TlOHTR 541.8 DEG.C 
TllHTR 529.2 DEG.C 
TlZHTR 527.7 DEG.C 

MEANBP 6994. KPA TGREGH 516.9 DEG.C 
MEANCP 7035. KPA TGREGC 91.7 DEG.C 

TGCOMP 46.8 DEG.C 
TGBOUN 34.8 DEG.C 

dEAT TO COOLER 
FLOCLR 4.21 L/MIN 

CALCULATED PARAMETERS 
1 PWRIN 2761. WATTS 
2 QCOOLR 2285. WATTS 
3 QDSHFT 534. WATTS 
4 EXTEFF 22.7 X 
5 TAVHTR 550.7 DEG.C 
6 INTEFF 21.5 X 
8 AMPS 1125. AMPS 
9 QDISPG 3. WATTS 

10 QDISP 13. WATTS 
11 GREG1 108. WATTS 
12 QREG2 102. WATTS 
13 QREG3 33. WATTS 
I4 FFP 1003.4 KPA/CM 
15 PFD 304.9 KPA/CF( 
16 NBEALE 0.00527 

VIBRATION 
VXlHOR 0.3 CM/S 
VYlVER 7.2 CM/S 

PHASE ANGLES 
PADISP 58.1 DEG. 
PAPRES -15.9 DEG. 

REMOTE CALCULATIONS 
PWROUT 627. WATTS 
INDPWR 673. WATTS TWINCL 2 4 . 4  DEG.C 

TDLCL 7.82 DEG.C 
TWOCLR 30.61 DEG.C 

PISTST 2.20 CM 
DISPST 2.06 CM 

T13REG****** DEG.C 
T14REG 475.3 DEG.C 
Tl5REG 357.1 DEG.C 
T16REG 358.8 DEG.C 
T17REG 352.5 DEG.C 
T18REG 349.0 DEG.C 

DYNAMIC CALCULATIONS 
PAMPC 974. KPA 

ENGINE SPEED DISPCP 2.26 CM 
FREQ 30.1 HZ PISTCP 2.31 CM 

PDYNDB****** KPA 
PDLCLR 4.41 KPA 
PDLREG 47.86 KPA 
PDLDIS 82.13 KPA 

T19REG 215.6 DEG.C 

TOJHED****** DEG.C 
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APPENDIX  C .  - CONTINUED.  

NASA LEGIIS SENSITT"'T TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003. REC 07/26/84 16:25:22.12 RDG 1016 

FLUID HELIUM BAROM 14.298 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON 

HEAT TO DASHFOT COOLING 
FLODF 4.11 wrm POWER IN 

AMPS1 612. AMPS 
AMFS2 577. AlZPS 
VOLTG 2.59 VOLTS 

ENGINE CHARGE PRESSURE 
PRESUP 7122. KPA 

MEANBP 6992. KPA 
MEANCP 7037. KFA 

GAS TEMPERATURES 
TGEXP 511.8 DEG.C 

TGREGH 510.2 DEG.C 
TGP.EGC 92.2 DEG.C 
TGCOMP 49.6 DEG.C 
TGBOUN 35.4 DEG.C 

SURFACE TEMPERATURI 
TOlHTR 551.1 DEG.C 
T02HTR 555.6 DEG.C 
T03HTR 564.6 DEG.C 
T04HTR 552.4 DEG.C 
T05HTR 568.3 DEG.C 
T06HTR 558.7 DEG.C 

T!*!INDP 18.0 DEG.C 
TQLDP 2.00 DEG.C 
T!K)3?R 20.7 I)EG.C 

T07HTR 557.3 DEG.C 
T08tiTR 531.3 DEG.C 
T09HTR 557.6 DEG.C 

REMOTE CALCULATIONS TlOHTR 538.2 DEG.C 
VXlHOR 0.4 CM/S PWROUT 706. WATTS TllHTR 523.3 DEG.C 
VYlVEP 7.9 CM/S INDFWR 764. WATTS Tl2HTR 526.2 DEG.C 

HEAT TO COOLER CALCULATED PARAMETERS VIBRATION 
FLOCLR 4.21 L/MIN 1 PC!RIN 3086. WATTS 
TNINCL 24.4 DEG.C 2 QCOOLR 2470. WATTS 
TDLCL 8.46 DE5.C 
TCIOCLR 3 1 .32 DCG . C 3 QDSHFT 572. WATTS PISTST 2.41 CM 

4 EXTEFF 22.9 X PHASE ANGLES DISPST 2.20 CM 
5 TP.'JHTR 548. 7 DEG.C 
6 INTEPF 22.2 X 
8 AMFS 1139. AMPS 
9 QDISPG 3. WATTS 

10 QDISP 13. WATTS FREQ 30.1 HZ 
11 $PEG1 100. WATTS 
12 QEEG2 109. WATTS 
13 QREG3 32. WATTS PDLREG 52.95 KPA 
14 PPP 996.6 KPA/CM 
15 PFD 289.2 K?A/CM 
16 NBEALE 0.00542 

PADISP 58.4 DEG. T13REG****** DEG.C 
PAPRES -14.7 DEG. DYNAMIC CALCULATIONS T14REG 473.9 DEG.C 

PAMPC 1068. KPA T15REG 355.5 DEG.C 
ENGINE SPEED DISPCP 2.40 CM T16REG 351.6 DEG.C 

PISTCP 2.38 CM T17REG 340.8 DEG.C 
PDYNDBY***XX KPA T18REG 339.3 DEG.C 
PDLCLR 5.60 KPA T19REG 216.2 DEG.C 

PDLDIS 91.98 KPA T03HED****** DEG.C 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 07/26/84 16:30:25.12 RDG 1017 

FLUID HELIUM BAROM 14.298 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON 

HEAT TO DASHPOT COOLING 
FLODP 4.08 L/MIH 

PO!.JER IN ENGINE CHARGE PRESSURE 
PRESUP 7187. KPA 

GAS TEMPERATURES 
TGEXP 510.7 DEG.C 

SURFACE TEMPERATURES 
TOliiTR 550.9 DEG.C 
TOZHTR 558.5 DEG.C 
TO3HTR 565.8 DEG.C 
T04HTR 553.1 DEG.C 
T05HTR 570.6 DEG.C 

AMFSl 645. AMPS 
AMPS2 608. AMFS 
'IOLTG 2.73 VOLTS TWINDP 18.0 DEG.C 

TDLDP ~ . 3 0  DEG.C 
TI,!@DFR 21.0 DES.C 

MEANBP 7011. KPA 
MEANCP 7062. KPA 

TGREGH 507.3 DEG.C 
TGREGC 92.3 DEG.C 
TGCOMP 53.4 DEG.C 
TGBOUN 36.2 DEG.C T06HTR 561.8 DEG.C 

T07HTR 560.5 DEG.C 
T08HTR 530.1 DEG.C 
TO9HTR 558.1 DEG.C 
llOHTR 537.8 DEG.C 
TllHTR 521.5 DEG.C 
TlZHTR 526.8 DEG.C 

HEAT TO COOLER 
FLOCLR 4.22 L/MIN 
TLJIIICL 24.5 DEG.C 
TDLCL 9.27 DEG.C 
TROCLR 32.09 D5G.C 

CALCULATED PARAMETERS 
PbIRIN 3424. WATTS 

VIBRATION 
VXlHOR 0 . 4  C!%S 
VYlVER .;.5 CI/S 

REMCTE CALCULA'710NS 1 
2 
3 
4 
5 
6 
8 
9 

10 
11 
12 
13 
14 
15 
1 6  

PWROUT 776. WATTS 
INDPWR 846. WATTS 
PISTST 2.60 CM 

QCOOLR 2713. WATTb 
QDSHPT 651. WATTS 
EXTEFF 22.7 X PHASE AiIGLES 

PADISP 58.8 DEG. 
PAPRES -14.1 DEG. 

DISPST 2.30 cn 
TAVHTR 549.6 DEG.C 
INTEFF 22.2 Z 
AMFS 1253. AMPS 
QCISPG 3. WATTS 
QDISP 13. WATTS 
QPEG1 93. WATTS 
$PEG2 116. WATTS 
QP.EF3 32. WATTS 

T13REG****** DEG.C 
T14REG 473.2 DEG.C DYNAMIC CALCULATIONS 

PAMFC 1166. KPA 
DISPCP 2.35 CM 
PISTCP 2.35 CM 
PDYNDB****** KPA 
PDLCLR 6.79 KPA 
PDLREG 57.70 KPA 
PDLDIS 98.77 KPA 

T15REG 352.3 DEG.C 
T16REG 343.8 DEG.C 
T17REG 330.4 DEG.C 

ENGINE SPEED 
FREQ 30.2 HZ 

T18REG 330.0 DEG.C 
T19REG 215.2 DEG.C 

T03HED****** DEG.C PFP 1003.3 KPA/CM 
PFD 289.5 KFA/CM 
NSERLE 0.00549 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 0 7 / 2 6 / 8 4  16:35:25.12 RDG 1018 

FLUID HELIUM BAROM 14.298 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON 

HE.".T TO DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES 
FLODP 4.06 L/MIN AMPS1 695. AMPS PRESUP 7360. KPA TGEXP 507.8 DEG.C TOlHTR 548.6 DEG.C 

AMPS2 646. AMPS T02HTR 561.7 DEG.C 
TWINDP 18.1 DEG.C VOLTG 2.93 VOLTS MEANBP 7004. KPA TGREGH 498.0 DEG.C T03HTF 566 I DEG.C 
TDLDP 2.50 DEG.C MEANCP 7057. KPA TGREGC 88.8 DEG.C T04KTR 551.9 DEG.C 
TkODFR 21.3 DEG.C TGCOMP 62.1 DEG.C T05HTR 573.0 DEG.C 

TGBOUN 37.6 DEG.C T06HTR 564.2 DEG.C 
T07HTR 563.3 DEG.C 
TOBHTR 526.9 
T09HTR 555.9 
TlOHTR 536.9 
TllHTR 516.2 
T12HTR 527.6 

DEG . C 
DEG . C 
DEG . C 
DEG. C 
DEG . C 

HEAT TO COOLER 
FLOCLR 4.21 L/MIN 
TWIIKL 24.7 DEG.C 
TDLCL 10.57 DEG.C 
TUOCLF. 33.52 DEG .C 

CALCULATED PARAMETEP 
PI4RIN 3924. WATTS 
QCOOLR 3092. WATTS 
QDSHPT 707. WATTS 
EXTEFF 21.6 X 
TAVHTR 549.4 DEG.C 
INTEFF 21.5 X 
AflFS 1341. AMPS 
QDISPG 3. WATTS 
QDISP 13. WATTS 
QREGl 81. WATTS 
QREG2 133. WATTS 
QREG3 32. WATTS 
PFP 996.2 KPA/CM 
PFD 282.7 KPA/CM 
NBEALE 0.00559 

IS VIBRATION 
VXlHOR 0 . 4  CM/S 
VYllJER 9.2 CM/S 

REMOTE CALCULATIONS 
PWROUT 849. WATTS 
INDPWR 917. WATTS 
PISTST 2.81 CM 
DISPST 2.41 CM 

DYNAMIC CALCULATIONS 
PAMPC 1255. KPA 
DISPCP 2.37 CM 
PISTCP 2.27 CM 
PDYNDB****** KPA 
PDLCLR 9.33 KPA 
PDLREG 61.43 KPA 
PDLDIS105.89 KPA 

PHASE ANGLES 
PADISP 58.8 DEG. 
PAPRES -13.4 DEG. 

ENGINE SPEED 
FREQ 30.1 HZ 

5 
6 
8 
9 

10 
11 
12 
13 
14 
15 
16 

T13REG****** DEG . C 
T14REG 462.5 
T15REG 327.1 
Tl6REG 310.0 

DEG . C 
DEG . C 
DEG.C 
DEG. C 
DEG . C 
DEG . C 

T17REG 291.2 
T18REG 299.0 
T19REG 199.2 

T03HED****** DEG . C 
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APPENDIX  C. - CONTINUED.  

NASA LEWIS SEHSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 07/26/84 16:40:04.12 RDG 

FLUID HELIUM BAROM 14.303 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON 

019 

HEAT TO DASHPOT COOLING 
FLOD? 4.05 L/MIN 

TWIND? 18.1 3r'G.C 
TDLDP 2.77 DEG.C 
Tb!ODPR 21.5 DZ5.C 

PO!*IER IN ENGINE CHARGE PRESSURE 
PRESUP 7090. KPA 

MEANBP 6994. KPA 
MEANCP 7048. KPA 

GAS TEMPERATURES 
TGEXP 503.9 DEG.C 

SURFACE TEMPERATURES 
TOlHTR 547.6 DEG.C 
TO2HTR 564.3 DEG.C 
TO3HTR 566.9 DEG.C 
T04HTR 551.2 DEG.C 
T05HTR 575.0 DEG.C 
T06HTR 566.1 DEG.C 
T07HTR 565.2 DEG.C 
T08HTR 525.0 DEG.C 
TO9HTR 554.6 DEG.C 

AMFSl 736. AMPS 
AMPS2 683. AMPS 
'IOL'IG 3.10 VOLTS TGREGH 489.9 DEG.C 

TGREGC 89.2 DEG.C 
TGCOMP 68.3 DEG.C 
TGBOUN 38.9 DEG.C 

HEAT TO COOLER 
FLOCLR 4.26 L/MIN 
T!,IINCL 24.9 DEG.C 
TDLCL 11.64 DEG.C 
TW3'JLR 34.96 DEG.C 

CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS 
PWROUT 864. WATTS 
INDPWR 927. WATTS 

TlOHTR 536.6 DEG.C 
TllHTR 512.7 DEG.C 
TlZHTR 528.0 DEG.C 

1 PWRIN 4402. WATTS 
2 QCOOLR 3442. IMTTS 
3 QDSHFT 781. WATTS 

VXlHOR 0 . 4  CM/S 
VYlVER 9.8 CM/S 

PHASE ANGLES 
PADISP 58.5 DEG. 
PAPRES -11.9 DEG. 

PISTST 2.99 CM 
DISPST 2.42 CM 4 EXTPFF 19.6 Z 

5 TAVHTR 549.4 DEG.C 
6 INTEFF 20.1 X 

T13REG****** DEG.C 
T14REG 451.1 DEG.C 
T15REG 305.2 DEG.C 
T16REG 286.6 DEG.C 
T17REG 265.2 DEG.C 
T18REG 275.5 DEG.C 

DYNAMIC CALCULATIONS 
PJJIPC 1323. KPA 
DISPCP 2.64 CM 

8 APFS 1419. AMPS 
9 QDISPG 3. I,!AT'IS 

10 QDISP 12. WATTS 
11 QRE51 72. ClATTS 
12 QP.EG2 142. L*!ATTS 
13 QREG3 31. WATTS 
14 PFP 979.1 KPA/CM 
15 PFD 264.0 K?A/CM 
16 NBEALE 0.00536 

ENGINE SPEED 
FEE4 30.1 HZ PISTCP 2.26 CM 

PDYI(DB****** KPA 
PDLCLR 12.22 KPA Tl9REG 186.9 DEG.C 

T03HED****** DEG.C 
PDLREG 62.45 KPA 
PDLDIS109.97 KPA 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 07/27/84 10:37:22.48 RDG 1020 

FLUID HELIUM BARON 14.327 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON 
SURFACE TEMPERATURES HEAT TO DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES 

PRESUP 7382. KPA TGEXP 472.1 DEG.C TOlHTR 501.1 DEG.C 
A ~ P S Z  4 8 5 .  m P s  T O Z H T R  5 0 6 . 4  DEG.C 

MEANBP 7010. KPA TGREGH 468.4 DEG.C T03HTR 512.4 DEG.C 
MEANCP 7045. KPA TGREGC 83.7 DEG.C T04HTR 506.2 DEG.C 

TGCOMP 40.0 DEG.C T05HTR 514.6 DEG.C 
TGBOUN 27.2 DEG.C T06HTR 506.6 DEG.C 

T07HTR 505.1 DEG.C 
T08HTR 434.9 DEG.C 
TO9HTR 507.6 DEG.C 

FLOI)? 4.78 LIEIN RMFSl 522. AMPS 

TWINDP 16.6 DEG.C VOLTG 2.16 VOLTS 
TDLCP 0.82 DEG.C 
Tb!ODPR 18.0 DEG.C 

C 
T O Z H T R  5 0 6 . 4  DEG.C 
T03HTR 512.4 DEG.C 
T04HTR 506.2 DEG.C 
T05HTR 514.6 DEG.C 
T06HTR 506.6 DEG.C 

. _._. ~ 

Pr7PS2 4 8 5 .  AMPS 
MEANBP 7010. KPA 
MEANCP 7045. KPA 

TGREGH 468.4 DEG.C 
TGREGC 83.7 DEG.C 
TGCOMP 40.0 DEG.C 
TGBOUN 27.2 DEG.C 

TDLCP 0.82 DEG.C 
Tb!ODPR 18.0 DEG.C 

T07HTR 505.1 DEG.C 
T08HTR 434.9 DEG.C 
TO9HTR 507.6 DEG.C 

HEAT TO COOLER 
FLOCLR 4.20 L/MIN 

VIBRRTIOh 
VX-.HOD. 3.3 CM/S 
VYIVE: 5.9 CM/S 

REMOTE CALCULATIONS 
PWROUT 449. WATTS 
INDPWR 483. WATTS 
PISTST 1.80 CM 
DISPST 1.81 CM 

DYNAMIC CALCULATIONS 

DISPCP 2.15 CM 
PISTCP 2.26 CM 
PDYNDB****** KPA 

PP.MPC 817. KPA 

TlOHTR 493.2 DEG.C 
TllHTR 478.8 DEG.C 
TlZHTR 482.1 DEG.C TLIINCL 25.1 DEG.C 

TDLCL *****+ DEG.C 
TLaIOCLR 2 9.67 DEG . C PHASE ANGLES 

PADISP 59.5 DEG. 
PAPRES -16.5 DEG. 

T13REG****** 
T14REG 433.2 
T15REG 326.1 

DEG . C 
DEG . C 
DEG . C 
DEG . C 
DEG . C 
DEG . C 
DEG . C 

8 AMPS 1007. P.MPS 
9 QDISPG 2. WATTS ENGINE SPEED 

FREQ 30.2 HZ 
T16REG 325.7 
T17REG 317.1 
T18REG 315.9 
T19REG 196.0 

10 QDISP 12. WATTS 
11 QFEGl 97. WPTTS 
12 QREG2 95. WATTS 
13 QFEG3 30. WATTS 
14 PFP 1022.1 KPA/CM 
15 PFD 297.2 KPA/CM 

PDLCLR 3.39 KPA 
PDLREG 37.67 KPA 
PDLDIS 67.20 KPA T03HED****** DEG.C 

16 NBEALE 0.00460 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 07/27/84 10:42:25.54 RDG 1021 

FLUID HELIUM BARON 14.327 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON 

POWER IN 
AMPS1 549. AMPS 
AMPS2 515. AMPS 
VOLTG 2.28 VOLTS 

ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES 
PRESUP 7585. KPA TGEXP 470.0 DEG.C TOlHTR 503.1 DEG.C 

TOZHTH 506.0 DEG.C 
HEAT TO DASHPOT COOLING 

FLODP 4.53 L/MIN 

TWINDP 16.4 DEG.C 
TDLDP 1.07 DEG.C 
TVODPR 18.1 DEG.C 

MEANBP 6991. KPA TGREGH 468.6 DEG.C T03HTR 514.3 DEG.C 
MEANCP 7030. KPA TGREGC 85.3 DEG.C T04HTR 506.0 DEG.C 

TGCOMP 42.2 DEG.C T05HTR 516.5 DEG.C 
TGBOUN 28.3 DEG.C T06HTR 507.3 DEG.C 

T07HTR 506.0 DEG.C 
T08HTR 485.9 DEG.C 
TO9HTR 509.0 DEG.C 

VIBRATION REMOTE CALCULATIONS TlOHTR 492.7 DEG.C 
VXlHOR 0.3 CM/S PWROUT 510. WATTS TllHTR 478.9 DEG.C 
VYlVER 6.6 CM/S INDPWR 551. WATTS T12HTR 480.6 DEG.C 

PISTST 2.01 CM 

HEAT TO COOLER 
FLOCLR 4.20 L/MIN 
TWINCL 25.0 DEG.C 
Y L C L  ***y*u DEG.C 
I I W r T R  31."7 DEG.C PHASE ANGLES DISPST 1.94 CM 

PADISP 59.3 DEG. T13REG****** DEG.C 
PAPRES -15.3 DEG. DYNAMIC CALCULATIONS T14REG 433.3 DEG.C 

PAMPC 901. KPA T15REG 327.0 DEG.C 
ENGINE SPEED DISPCP 2.22 CM T16REG 325.6 DEG.C 

FREQ 30.1 HZ PISTCP 2.26 CM T17REG 318.4 DEG.C 
PDYNDB****** KPA T18REG 317.7 DEG.C 
PDLCLR 4.07 KPA T19REG 198.6 DEG.C 
PDLREG 42.76 KPA 
PDLDIS 74.67 KPA TO3HED****** DEG.C 

9 QDISPG 2. WATTS 
10 QDISP 12. WATTS 
11 QREGl 97. WATTS 
12 QREG2 94. WATTS 
13 QREG3 30. WATTS 
14 PFP 1006.9 KPA/CM 
15 PFD 284.8 KPA/CM 
16 NBEALE 0.00471 
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APPENDIX  C .  - CONTINUED.  

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 07/27/84 10:47:31.54 RDG 1022 

FLUID HELIUM BARON 14.327 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON 

POG!ER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES 
AMPS1 581. AMPS PRESUP 72Ct5. KPA TGEXP 467.9 DEG.C TOlHTR 504.6 DEG.C 
ANFS2 547. AMPS TOZHTR 505.8 DEG.C 
VOLTG 2.42 VOLTS MEANBP 7015. KPA TGREGH 468.2 DEG.C T03HTR 516.3 DEG.C 

MEANCP 7055. KPA TGREGC 87.5 DEG.C T04HTR 505.6 DEG.C 
TGCOMP 45.5 DEG.C T05HTR 518.7 DEG.C 

HEAT TO DASHPOT COOLING 
FLODP 4.51 L/NIN 

DEG . C 
DEG . C 
D9G. C 

Ti’INDP 16 .3 
TDLEP 1.27 
TL~”3DPR 18. 2 

TGBOUN 29.1 DEG.C T06HTR 508.3 DEG.C 
T07HTR 506.9 DEG.C 
T08HTR 486.3 DEG.C 
T09HTR 510.1 DEG.C 
TlOHTR 492.5 DEG.C 
TllHTR 478.4 DEG.C 
T12HTR 479.5 DEG.C 

HEAT TO COOLER 
FLOCLR 4.20 
TWINCL 24.8 

T!,!CCLR 3 0 .7 1 
TDLCL L***l(+ 

CALCULATED PARAMETERS 
PCIRIN 2730. WATTS 
OCOCLR 2216. CIATTS 
PDSHPT 398. WATTS 
EXTEFF 21.3 X 
TRVHTR 501.1 DEG.C 
I!iTEFF 20 .8 X 

VIBRATION 
VXlHOR 0.4 CM/S 
VYlVER 7.3 CM/S 

REMOTE CALCULATIONS L/MIN 
DEG. C 
DEG. C 
DEG. C 

1 
2 
3 
4 
5 
6 

9 
10 
11 
12 
13 
14 
15 
16 

a 

PWROUT 583. WATTS 
INDFWR 630. WATTS 
PISTST 2.20 CM 

PHASE ANGLES 
PP.DISP 59.8 DEG. 
PRPRES -14.5 DEG. 

DISPST 2.07 CM 

DYNAMIC CALCULATIONS 
PAMPC 994. KPA 
DISPCP 2.24 CM 

T13REG****** DEG.C 
T14REG 433.8 DEG.C 
T15REG 329.0 DEG.C 
T16REG 326.0 DEG.C 
T17REG 319.6 DEG.C 

AMPS 1128. AMPS 
QDISPG 2. WATTS 
QDISP 12. WATTS 

ENGINE SPEED 
FREQ 30.2 HZ PISTCP 2.29 CM 

PDYNDB****** KPA 
PDLCLR 4.58 KPA 

QREG1 95. WATTS 
QREG2 93. WATTS 
ORES3 29. WATTS 
FFP 1007.7 KPA/CM 
PFD 278.8 KPA/CM 
NBEALE o.oo48a 

T18REG 319.3 DEG.C 
T19REG 201.8 DEG.C 

T03HED****** DEG.C 
PDLREG 47.86 KPA 
PDLDIS 83.15 KPA 

NAPA LEWIS SENSITIVITY TEST DATA P.E 1000 FREE PISTON STIRLING ENGINE TEST DOO3, REC 07/27/84 10:52:22.54 RDG 1023 

FLUID HELIUM BAROM 14.327 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON 

POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATVRES SURFACE TEMPERATURES HEAT TO DASHPOT COOLING 
AMPSl 618. AMPS PRESUP 7584. KPA TGEXP 465.3 DEG.C TOlHTR 504.1 DEG.C I‘LODP 4.49 L/MIN 
AMPS2 576. AMPS TOZHTR 505.9 DEG.C 
VOLTG 2.56 VOLTS MEANBP 7014. KPA TGREGH 466.0 DEG.C TO3HTR 516.7 DEG.C TWINDP 16.2 DEG.C 

TDLDP 1.53 DEti.C MEANCP 7061. KPA TGREGC 90.2 DEG.C T04HTR 504.4 DEG.C 
TGCOMP 50.5 DEG.C T05HTR 519.7 DEG.C TWDPR 18.3 DEG.C 
TC-BOUN 30.5 DEG.C T06HTR 509.5 DEG.C 

T07HTR 508.0 DEG.C 
TOBHTR 484.7 DEG.C 
TO9HTR 509.9 DEG.C 
TlOHTR 490.7 DEG.C 
TllHTR 476.3 DEG.C 

HEAT TO COOLER 
FLOCLR 4.20 
TWINCL 24.8 
TDLCL * * * X u *  
TWOCLR 31.45 

CALCULATED PARAMETERS 
1 PWRIN 3062. WATTS 
2 QCOOLR 2456. WATTS 
3 ODSHPT 478. WATTS 
4 EYTEFF 21.5 X 
5 TP.VHTR 500.6 DEG.C 
6 INTEFF 
8 AMPS 
9 QDISPG 

10  ’?DISP 
11 QREG1 
12 QREGZ 93. WATTS 
13 CREG3 29. WATTS 
14 PFP 1005.0 KPA/CM 
15 PFD 268.6 KPA/CM 
16 NBEALE 0.00502 

VIBXATI ‘N 
VXlHOR 0 . 4  CM/S 
VYlVER 8.0 CM/S 

1 DEG. 
6 DEG. 

ENGINE SPEED 
FPEQ 30.2 HZ 

REMOTE CALCULATIONS 
PWROUT 658. WATTS 
INDPWR 712. WATTS 
PISTST 2.41 CM 
DISPST 2.21 CM 

DYNAMIC CALCULATIONS 

L/MIN DEGTC 
DEG. C 
DEG. C 

T12HTR 477.6 DEG.C 
PHASE ANGLES 
PP.DISP 60. 
PAPRES -13. 

T13REG****** DEG.C 
T14REG 433.5 DEG.C 
TlSREG 330.0 DEG.C 
T16REG 325.2 DEG.C 
T17REG 318.4 DEG.C 
T18REG 318.7 DEG.C 
TIPREG 204.5 DEG.C 

PDLDIS 93.00 KPA T03HED****** DEG.C 

21.1 X 
1194. AMPS 

2. WATTS 
12. WATTS 
93. WATTS 

PAMPC 1093. KPA 
DISPCP 2.27 CM 
PISTCP 2.27 CM 
PDYNDB‘***** KPA 
PDLCLR 5.60 KPA 
PDLREG 54.30 KPA 

NASA L E L S  SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 07/27/84 10:57:22.54 RDG 1024 

FLUID HELIUM BARON 14.327 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON 

iEAT TO DASHPOT COOLING 
FLODP 4.47 LININ 

POWER IN 
AMPSl 646. AMPS 
AMPS2 602. AMPS 
VOLTG 2.68 VOLTS 

ENGINE CHARGE PRESSURE GAS TEMPERATURES 
PRESUP 7572. KPA TGEXP 462.4 DEG.C 

SURFACL TEFEXAPUREB 
TOlHTR 501.0 DEG.C 
T02HTR 507.9 DEG.C 
T03HTR 515.5 DEG.C TWINDP 16.2 

TDLDP 1.71 
TL!9DPR 18.6 

DEG . C 
DEG . C 
DEG . C 

L/MIN 
DEG.C 
DEG . C 
DEG . C 

MEANBP 7000. KPA TGREGH 460.8 DEG.C 
MEANCP 7048. KPA TGREGC 90.5 DEG.C 

TGCOMP 53.8 DEG.C 
T04HTR 503.0 DEG.C 
T05HTR 519.9 DEG.C 
T06HTR 511.0 DEG.C 
T07HTR 510.1 DEG.C 
T08HTR 481.0 DEG.C 

TGBOUN 3 i . 8  DEG.C 

TO9HTR 507.7 DEG.C 
TlOHTR 488.1 DEG.C 
TllHTR 471.9 DEG.C 
T12HTR 476.6 DEG.C 

HEAT TO COOLER 
FLOC1.R 4.21 
:WINCL 24.7 
i&jLLL ** f * *  

TWOCLR 32.15 

CALCULATED PARAMETERS 
1 PWRIN 3348. WATTS 
2 QCOOLR 2681. WATTS 

VIBRATION REMOTE CALCULATIONS 
VXIHOR 0 . 4  cws PWROUT 707. WATTS 
VYIVER 8.6 CM/S INDPWR 765. WATTS 

PISTST 2.60 cn 
PHASE ANGLES DISPST 2.30 CM 

PADISP 60.4 DEG. 

3 
4 
5 
6 
8 
9 

10 
11 
12 
13 
14 
15 
16 

QDSHPT 
EXTEFF 
TAVHTR 
INTEFF 
AI?PS 
QDISPG 
QDISP 
QREG1 
3REG2 
QREG3 
PFP 
PFD 
NBEALE 

531. WkTTS 
21.1 x 

499.5 DEG.C 
20.9 x 
1248. AMPS 

2. WATTS 
12. WATTS 
85. WATTS 
100. WATTS 

TI 3REG* 
T14REG 
T15REG 
Tl6REG 
T17REG 
T18REG 
T19REG 

:**I** DEG.C 
431.6 DEG.C 
326.4 DEG.C 
317.8 DEG.C 
307.7 DEG.C 
308.1 DEG.C 
203.0 DEG.C 

PAPEES -12.5 DEG. DYNAMIC CALCULATIONS 
PAMPC 1176. KPA 

ENGINE SPEED DISPCP 2.32 cn 
FREQ 30.2 HZ PISTCP 2.28 CM 

PDYNDB****** KPA 
PDLCLR 6.96 KPA 
PDLREG 58.04 KPA 29. WATTS 

995.1 KPA/CM 
254.7 KPA/CM 

PDLDIS 99.10 KPA T03HED****** DEG.C 
ORIGINAL PAGE IS 
OF POOR QUALITY 
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APPENDIX  C .  - CONTINUED.  

NASA LEWIS SEWSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST DOO3, REC 07/27/84 11:02:49.54 RDG 107' 

FLUID HELIUM BAP.OM 14.327 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON 

, HEAT TO DASHPOT COOLING POWEP. IN ENGINE CHARGE PP""TURE GAS TEMPERATURES 
FSODP 4.46 L/MIN AWS1 686. AMPS PRESUP 756 . KPA TGEXP 460.4 DEG.C 

TWIHIJP 16.1 DEG.C VOLTG 2.85 VOLTS MEANBP 6987. KPA TGREGH 453.1 DEG.C 
~ TDLI?? 2.01 DE5.C MEANCP 7037. KPA TGREGC 87.7 DEG.C , TI!OI?PR 18.7 C5G.C TGCOMP 59.7 DEG.C 
I TGBOUN 33.4 DEG.C 

A W S 2  636. AMFS 

SURFACE TEMPERATURES 
TOlHTR 498.6 DEG.C 
TOZHTR 510.9 DEG.C 
T03HTR 515.5 DEG.C 
T04HTR 501.4 DEG.C 
T05HTR 522.1 DEG.C 
TO6HTR 513.0 DEG.C 
T07HTR 512.4 DEG.C 
T08HTR 477.6 DEG.C 
T0'3HTR 505.3 DEG.C 
TlOHTR 487.3 DEG.C ' HEAT TO COOLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS 

FLCCLR 4.20 L/MIN 1 FCJRIN 3764. WATTS VXlHOR 0 . 4  CM/S PWROUT 767. WATTS 
T!JIIKL 24.7 DEG.C 2 QCOCLR 2994. WATTS VYlVER 9.2 CM/S INDPWR 827. WATTS 
TDLCL **uuu* DE5.C 3 QDYHPT 623. WATTS PISTST 2.80 CM 
T!!OCLR 33.24 DEG.C 4 EXTEFF 20.4 % PHASE ANGLES DISPST 2.41 CM 

5 TAVHTR 499.1 DEG.C PADISP 60.8 DEG. 
6 INTEFF 20.4 % PAPRES -11.8 DEG. DYNAMIC CALCULATIONS 

TllHTR 466.9 DEG.C 
T12HTR 478.1 DEG.C 

T13REG****** DEG.C 
T14REG 423.8 DEG.C 
T15REG 306.7 DEG.C 
T16REG 290.7 DEG.C 
T17REG 277.3 DEG.C 
T18REG 282.5 DEG.C 
T19REG 189.9 DEG.C 

T03HED****** DEG.C 

8 AMFS 1322. AMPS 
9 PDISPG 2. WATTS 

10 QDISP 11. WATTS 
11 PREG1 75. WATTS 
12 QP.EG2 115. W?.TTS 
13 QDEG3 28. WATTS 

ENGINE SPEED 
FREQ 30.2 HZ 

PAMPC 1265. KPA 
DISPCP 2.36 CM 
PISTCP 2.26 CM 
PDYNDB****** KPA 
PDLCLR 9.33 KPA 
PDLREG 61.77 KPA 

14 PFP 987.7 KPA/CM PDLDIS106.23 KPA 
15 PFD 245.8 K?A/CM 
16 NBEALE 0.00506 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 07/27/84 11:13:22.54 RDG 1026 

I FLUID HELIUM BAROM 14.332 PSI REGENERATOR 1 DISPLACER 1 STANDAP.D PISTON 

POSIER IN 
AllFSl 482. AMPS 

VOLTG 2.06 VOLTS 
XIFSZ 4 8 1 .  Amps 

ENGINE CHARGE PRESSURE 
PPESUP 7565. KPA 

MEANBP 7011. KPA 
MEANCP 7050. KPA 

GAS TEMPERATURES 
TGEXP 425.8 DEG.C 

TGREGH 421.4 DEG.C 
TGREGC 79.6 DEG.C 
TGCOMP 41.8 DEG.C 
TGROUN 31.8 DEG.C 

I tiEAT TO DRSHFOT COOLING 
FLOCP 4.24 L/MIH 

SURFACE TEMPERATURES 
TOlHTR 451.6 DEG.C 
TOZHTR 457.0 DEG.C 
TO3HTR 462.9 DEG.C 
T04HTR 456.2 DEG.C 
T05HTR 465.8 DEG.C 
TO6HTR 457.1 DEG.C 

TWINDP 16.0 DEG.C ' TDLDP 1.29 DEG.C 
TI!OD?R 18.0 DEG.C 

T07HTR 455.9 DEG.C 
T08HTR 436.2 DEG.C 
T09HTR 457.9 DEG.C 

1 HEAT TO COOLER CALCULATED PARAMETERS VIBRATION 
VXlHOR 0.3 CM/S 
VYlVER 6.0 CM/S 

PHASE ANGLES 
PP.DISP 61.3 DEG. 
PAPRES -14.4 DEG. 

ENGINE SPEED 
FREQ 30.1 HZ 

REMOTE CALCULATIONS 
PWROUT 396. WATTS 
INDPWR 426. WATTS 
PISTST 1.82 CM 
DISFST 1.80 CM 

DYNAMIC CALCULATIONS 
PAMPC 807. KPA 

TlOHTR 444.7 DEG.C 
TllHTR 430.2 DEG.C 
TlZHTR 434.7 DEG.C 

FLOCLR 4.20 L/MIN 1 TWI!{CL 24.4 DEG.C 
TDLCL 6.90 DEG.C 

1 PWRIN 1983. WATTS 
2 QCOOLR 2012. WATTS 
3 QDSHPT 380. WP.TTS 
4 EXTEFF 20.0 X 
5 TIVHTR 450.9 DEG.C 
6 INTEFF 16.5 % 
8 AMFS 9 6 4 .  AMPS 
9 QDISPG 2. WATTS 

10 QDISP 11. WP.TTS 
11 QP.EG1 87. WATTS 
12 QP.EG2 85. MATTS 
13 QREG3 26. WATTS 
14 PFP 981.6 KPA/CM 

, TL13CLR 29.24 DEG.C 
T13REG****** DEG.C 
T14REG 391.1 DEG.C 
T15REG 295.0 DEG.C 

DISPCP 2.19 CM 
PISTCP 2.29 CM 
PDYNDB****** KPA 

T16REG 294.0 DEG.C 
T17REG 286.6 DEG.C 
T18REG 286.7 DEG.C 
T19REG 179.3 DEG.C 

T03HED****** DEG.C 

PDLCLR 3.56 KPA 
PDLREG 39.71 KPA 
PDLDIS 70.93 KPA 

15 PFD 255.1 K?A/CM 
16 NBEALE 0.00403 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 07/27/84 11:18:28.54 RDG 1027 

FLUID HELIUM BAROM 14.332 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON 

HEAT TO DASHPOT COOLING POWER IN 
1 FLODP 4.16 L/MIl4 AMPS1 516. ARPS 
I APIFS2 507. AI*,FS 

ENGINE CHARGE PRESSURE 
PRESUP 7195. KPA 

GAS TEMPERATURES 
TGEXP 423.6 DEG.C 

TGREGH 420.7 DEG.C 
TGP.EGC 80.6 DEG.C 
TGCOMP 43.0 DEG.C 
TGBOUN 31.8 DEG.C 

SURFACE TEMPERATURES 
TOlHTR 452.5 DEG.C 
TOZHTR 456.6 DEG.C 
T03HTR 464.1 DEG.C 
T04HTR 455.8 DEG.C 
T05HTR 467.0 DEG.C 
TO6HTR 457.5 DEG.C 

MEAYBP 7001. KPA 
MEANCP 7045. KPA 

TWINDP 16.1 DEG.C VGLTG 2.18 VOLTS 
~ TDLDP 1.34 DEG.C 

TWODFR 18.1 DEG.C 
T07HTR 456.3 DEG.C 
TO8HTR 436.2 DEG.C 
T09HTR 458.4 DEG.C 
TlnHTR 444.0 DEG.C 
TllHTR 429.2 DEG.C 
T12HTR 433.1 DEG.C 

I 1nL I TO COCLER CALCL'LATED PARAMETERS 
: X,LR , . i 7 L/MIN 1 PIJRIX 2233. WATTS 
TWINCL 24.2 DEG.C 2 QCOOLR 2064. WATTS 
TDLCL 7.10 DEG.C 3 QDSHPT 387. KATTS 

VIBRATTON 
VXZHOR 0.3 
VYlVER 6.6 

PHASE ANGLES 
PADISP 60 
PAPEES -13 

CM/S 
CM/$ 

.8 DEq. 

.1 DEq. 

.1 HZ 

REMOTE CALCULATIONS 
PWROUT 444. WATTS 
INDPWR 474. WATTS 
PISTST 2.00 cv 
DISPST 1.91 CM 

.~~ ~ 

TSIOCLR 29.47 DEG.C 4 EXTEFF 19.9 % 
5 TAVHTH 450.9 DCG.C 
6 INTEFF 17.7 % 
8 AnFS 1022. AMPS 

~ 9 QDISPG 2. WATTS 
I 

T13REG****** DEG.C 
T14REG 390.5 DEG.C 
T15REG 295.4 DEG.C 
Tl6REG 293.0 DEG.C 
T17REG 286.8 DEG.C 
Tl8REG 287.6 DEG.C 

DYNAMIC CALCULATIONS 
PP.MPC 891. KPA 
DISPCP 2.20 CM 

PDYNDB****** KPA 
PISTCP 2.26 cn ENGINE SPEED 

FREQ 3 0  10 
11 
12 
13 
14 
15 
16 

QDISP 
9EEG1 
(;REG2 
QT.EG3 
PFP 
FFD 
NB EA LE 

11. 
86. 
83. 
26. 

979.5 
242.6 
0.0041 

WATTS 
L.1 ATTS 
WATTS 
WATTS 
KPA/CM 
KPA/CM 

. o  

PDLCLR 4.07 KPA 
PDLREG 45.48 KPA 
PDLDIS 75.35 KPA 

T19REG 181.0 DEG.C 

T03HED****** DEG.C 

4 4  ORIGINAL PAGE IS 
OF POOR QUALITY 



APPENDIX  C .  - CONTINUED.  

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 07/27/84 11:23:22.54 RDG 1028 

FLY13 HELIUM BAROM 14.332 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON 

HEAT TO DASHPOT COOLING 
FLODT' 4.11 LIMIN 

POL!ER IN 
AMPS1 554. AMPS 
AIlPS2 537. AMPS 

ENGINE CHARGE PRESSURE 
PRESUP 7567. KPA 

MEANBP 6994. KPA 
MEANCP 7040. KPA 

GAS TEMPERATURES 
TGEXP 421.0 DEG.C 

TGREGH 419.4 DEG.C 
TGREGC 83.4 DEG.C 
TGCOMP 45.7 DEG.C 
TGBOUN 31.6 DEG.C 

SURFACE TEMPEEATURES 
TOlHTR 453.0 DEG.C 
TOZHTR 456.5 DEG.C 
TO3HTR 465.3 DEG.C 
T04HTR 455.2 DEG.C 
T05HTR 468.5 DEG.C 

TWItJDP 16.0 DEG.C 
TDLBF 1.49 DEG.C 
TL!ODPR 18.2 DEG.C 

VOLTG 2.33 VOLTS 

T06HTR 458.2 DEG.C 
T07HTR 457.1 DEG.C 
T08HTR 435.6 DEG.C 
T09HTR 458.6 DEG.C 
TlOHTR 443.1 DEG.C 
TllHTR 427.7 DEG.C 

HEAT TO COOLER 
FLOCLR 4.24 L/MIN 
TLIINCL 25.4 DEG.C 
TDLCL 7.24 DEG.C 
TL!OCLR 31.11 DEG.C 

CALCULATED PARAMETERS VIBRATION 
VXlHOR 0.3 CM/S 
VYlVER 7.3 CM/S 

REMOTE CALCULATIONS 
PWROUT 503. WATTS 1 FCJIIIN 2544. WATTS 

2 PCOOLI? 2129. WATTS 
3 QESHPT 428. WATTS 

INDFWR 536. WATTS 
PISTST 2.20 CM 
DISPST 2.04 cn 

DYNAMIC CALCULATIONS 
PAMPC 994. KPA 
DISPCP 2.21 CN 
PISTCP 2.26 CM 

TlZHTR 431.3 DEG.C 

4 
5 
6 
8 
9 

10 
11 
12 

EXTEFF 
TAVHTR 
INTEFF 
AMPS 
QDISPG 
ODISP 
ORES1 
QREG2 

19.8 X 

19.1 Z 
450.8 DEG.C 

1091. nnps 
2. WATTS 

11. WATTS 
84. blATTS 
83. WATTS 

PHASE ANGLES 
PADISP 61.5 DEG. 
PAPRES -12.2 DEG. 

T13REG****** DEG.C 
T14REG 390.4 DEG.C 
T15REG 297.0 DEG.C 
T16REG 293.1 DEG.C 
T17REG 287.3 DEG.C 

ENGINE SPEED 
FREQ 30.1 HZ 

PDYNDB****** KPA 
PDLCLR 4.75 KPA 
PDLREG 47.52 KPA 
PDLDIS 83.83 KPA 

T18REG 288.6 DEG.C 
T19REG 184.4 DEG.C 

13 OPE53 26. KATTS 
1(+ PfP 986.2 KPA/CN 
15 PFD 234.4 KPA/CM 
16 NBEALE 0.00423 

T03HED****** DEG.C 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 07/27/84 11:29:31.54 RDG 1029 

FLUID HELIUM BAROM 14.332 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON 

HEAT TO DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES 
FLODP 4.05 L/MItI AMFS1 594. AMFS PRESUP 7241. KPA TGEXP 418.4 DEG.C TOlHTR 453.2 DEG.C 

AllFSZ 565. AFPS 
VOLTG 2.48 VOLTS 

TOZHTR 456.4 DEG.C 
MEANBP 7011. KPA TGREGH 418.1 DEG.C TO3HTR 466.4 DEG.C TWINDP 16.0 DEG.C 

TDLDP 1.78 DEG.C 
T5:ODPR 18.4 DEG.C 

MERWCP 7 3 ~ 9 .  ??A TGREGC 85.9 DEG.C T04HTR 454.4 DEG.C 
TGCOMP 48.6 DEG.C T05HTR 469.6 DEG.C 
TGBOUN 32.5 DEG.C T06HTR 458.9 DEG.C 

T07HTR 457.8 DEG.C 
TOBHTR 434.7 DEG.C 
T09HTR 459.1 DEG.C 
TlOHTR 441.8 DEG.C 
T11HTR 426.2 DEG.C 
TlZHTR 429.3 DEG.C 

}!EAT TO COOLER CALCULATED PARAMETERS 
FLOCLR 4.22 L/MIN 1 PWFIN 2871. WATTS 
T!dINCL 24.5 DEG.C 2 PCOOLR 2392. WATTS 
TDLCL 8.17 DEG.C 3 QDCHPT 501. WATTS 
TLJOCLR 31.28 DEG.C 4 EXTEFF 19.7 X 

5 TAVHTR 450.7 DEG.C 
6 INTEFF 19.1 X 

VIBRATION 
VXlHOR 0.4 CM/S 
VYlVER 8.0 CM/S 

REMOTE CALCULATIONS 
PWROUT 566. WATTS 
INDPWR 600. WATTS 
PISTST 2.41 cn 
DISPST 2.17 cn PHASE ANGLES 

PADISP 61.8 DEG. 
PAPRES -11.3 DEG. 

ENGINE SPEED 
FREQ 30.2 HZ 

T13REGY***** DEG.C 
T14REG 390.4 DEG.C 
T15REG 298.9 DEG.C 

DYNAMIC CALCULATIONS 
PAMPC 1083. KPA 
DISPCP 2.24 CM 
PISTCP 2.27 CM 
PDYNDB****** KPA 
PDLCLR 5.60 KPA 
PDLREG 53.96 KPA 
PDLDIS 94.35 KPA 

8 ANPS 11591 AMPS 
9 QDISPG 2. WATTS 

10 QDISP 11. WATTS 
11 QREG1 83. WATTS 
12 QREG2 82. WATTS 
13 QREG3 26. WATTS 
14 PFP 975.0 KPAICM 
15 PFD 223.1 KPA/CM 
16 NBEALE 0.00432 

T16P.EG 294.0 DEG.C 
T17REG 288.5 DEG.C 
T18REG 289.7 DEG.C 
T19REG 187.8 DEG.C 

T03HED****** DEG.C 

ti'ASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 07/27/84 11:35:10.54 RDG 1030 

FLUID HELIUM BAROPI 14.332 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON 

HEAT TO DASHPOT COOLING POWER IN 
FLODP 4.11 L/MIN AMPS1 626. AMPS 

AMPS2 589. AMPS 
TWINDP 16.0 DEG.C VOLTG 2.60 VOLTS 
TDLDP 1.90 DEG.C 
TWODPR 18.6 DFG .C 

ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPEPATURES 
PRESUP 7562. KPA TGEXP 415.3 DEG.C TOlHTR 452.3 DEG.C 

TOZHTR 456.8 DEG.C 
MEANBP 7007. KPA TGREGH 415.9 DEG.C TO3fiTR 465.5 DEG.C 
MEANCP 7061. KPA TGREGC 88.9 DEG.C T04HTR 453.6 DEG.C 

TGCOMP 54.6 DEG.C TO5HTR 469.0 DEG.C 
TGBOUN 33.1 DEG.C T06HTR 459.9 DEG.C 

T07HTR 458.8 DEG.C 
TOBHTR 432.9 DEG.C 
TOSHTR 458.6 DEG.C 

VIBRATION REMOTE CALCULATIONS TlOHTR 439.4 DEG.C 
VXlHOR 0 . 4  CM/S PWROUT 605. WATTS TllHTR 424.0 DEG.C 
VYlVER 8.6 CM/S INDPWR 643. WATTS T12HTR 426.7 DEG.C 

PISTST 2.60 cn 
PHASE ANGLES DISPST 2.26 cn 

PADISP 61.8 DEG. T13REG****** DEG.C 
PAPRES -10.3 DEG. DYNAMIC CALCULATIONS T14REG 389.2 DEG.C 

PAMPC 1181. KPA T15REG 299.6 DEG.C 

HEAT TO COOLER CALCULATED PARAMETERS 
FLCCLR 4.21 L/MIN 1 PWRIN 3159. WATTS 
TWINCL 24.3 DEG.C 2 QCOOLR 2595. GIATTS 
TDLCL 8.88 DEG.C 3 QDSHPT 542. WATTS 
TWOCLR 31.77 DEG.C 4 EXTEFF 19.2 X 

5 TAVHTR 449.8 DEG.C 
6 INTEFF 18.9 X 
8 AMPS 1215. AMPS 
9 QDISPG 2. WATTS 

10 QDISP 10. WATTS 
11 QREG1 79. WATTS 
12 QREG2 83. WATTS 
13 QREG3 25. WATTS 
14 PFP 980.6 KPA/CM 
15 PFD 212.3 KPA/CM 
16 NBEALE 0.00428 

ENGINE SPEED DISPCP 2 . 3 0  cn T16REG 294.9 DEG.C 
FREQ 30.2 HZ PISTCP 2.25 cn T17REG 288.2 DEG.C 

PDYNDB****** KPA T18REG 286.8 DEG.C 
PDLCLR 6.79 KPA T19REG 190.0 DEG.C 
PDLREG 58.38 KPA 
PDLDISlOO.49 KPA T03HED****** DEG.C 



APPENDIX C. - CONTINUED. 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 07/27/84 11:40:31.54 RDG 1031 

FLUID HELIUM BAROM 14.337 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON 

HEAT TO DASHPOT COOLING POWE?. IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES 
FLODP 4.11 L/MIN AMPS1 664. AMPS PRESUP 7552. KPA TGEXP 413.6 DEG.C TOlHTR 449.7 DEG.C 

A M 3 2  617. AMPS 
TWINDP 16.1 DEG . C VOLTG 2.74 VOLTS 
TDLLP 2.10 DEG.C 
II.!C)DPR 18.9 DEG.C 

TO2IfTR 459.5 DEG.C 
MEAHBP 6987. KPA TGREGH 409.5 DEG.C T03HTR 464.8 DEG.C 
MEANCP 7045. KPA TGREGC 86.7 DEG.C T04HTR 452.0 DEG.C 

TGCORP 59.0 DEG.C T05HTR 470.5 DEG.C 
TGBOUN 34.2 DEG.C T06HTR 461.8 DEG.C 

T07HTR 461.1 DEG.C 
TO8HTR 429.5 DEG.C 
TO'IHTR 456.1 DEG.C 
TlOHTR 438.0 DEG.C 
TllHTR 419.2 DEG.C 

HEAT TO COOLER 
FLOCLR 4.21 L/MIN 
TIII.L(CI. 24.3 DEG.C 
TDLCL 9.79 DEG.C 
TLdOCLR 32.66 DEG.C 

CALCULATED PARAMETERS 
1 PC:P.IN 3509. MATTS 

VIBRATION 
VXlHOP. 0 . 4  CM/S 
VYlVER 9.2 CM/S 

PHASE ANGLES 
PADISP 61.9 DEG. 
PAPRES -9.8 DEG. 

ENGINE SPEED 
FREQ 30.2 HZ 

REMOTE CALCULATIONS 
PWROUT 670. WATTS 

2 QCOOLR 2859. WLTTS 
3 QDSHTT 601. C!ATTS 
4 EXTCFF 19.1 X 
5 TA:'IITR 469.2 DEG.C 
6 INTEFF 19.0 Z 

INDPWR 687. WATTS 
PISTST 2.80 CM 
DISPST 2.39 CM 

Tl2HTR 428.0 DEG.C 

T13REG****** DEG.C 
T14REG 384.5 DEG.C 
T15REG 286.4 DEG.C 
T16REG 274.9 DEG.C 
T17REG 265.6 DEG.C 

DYNAMIC CALCULATIONS 
PAMPC 1275. KPA 
DISPCP 2.35 CM 
PISTCP 2.22 CM 
PDYNDB****** KPA 
PDLCLR 9.16 KPA 
PDLREG 63.13 KPA 
PDLDIS108.27 KPA 

8 F.MFS 1281. AMPS 
9 QDISPG 2. WATTS 

10 QDISP 10. WP.TTS 
11 QP.EG1 70. WATTS 
12 QCEG2 95. WATTS 
13 QCEG3 25. WATTS 

T18REG 267.3 DEG.C 
T19REG 181.0 DEG.C 

TOSHED****** DEG.C 14 PFP 978.5 KPA/CM 
15 PFD 205.0 KPA/CM 
16 NBEALE 0.00441 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 07.27184 11:43:10.54 RDG 1032 

FLUID HELIUM BARON 14.337 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON 

HEAT TO DASHPOT COOLING FOWER IN 
FLODP 4.12 L/MIN AMPS1 724. AMPS 

A r l T S Z  663. AnPS 
TCIINDP 16. 0 DEG.C 'IOLTG 2.97 VOLTC: 

ENGINE CHARGE PRESSURE 
PRESUP 7237. KPA 

GAS TEMPERATURES 
TC-EXP 411.8 0EG.C 

SURFACE TEMPERATURES 
TOlHTR 447.8 DEG.C 
TOZHTR 464.2 DEG.C 

MEAFRP 6';!5. kPA 
MEAN:P 7054. KPI 

TGREGH 398.5 DEG.C 
TGREGC 83.5 DEG.C 
TGCOMP 67.8 DEG.C 

TDLDP 2 . 2 0  DEG.C 
TLIODPF. 18.9 DEG.C 

TGBOUN 34.6 DEG.C T06HTR 464.8 DEG.C 
T07HTR 463.9 DEG.C 
TO8HTR 4 2 6 . 4  DEG.C 
TO9HTR 454.4 DEG.C 
TlOHTR 438.6 DEG.C HEAT TO COOLER 

FLOCLR 4.21 LIMIN 
CALCULATED PARAMETERS 

1 FCIRIN 4116. WATTS 
2 QCOOLR 3252. WATTS 
3 QDSHPT 632. WATTS 
4 EXTEFF 16.7 Z 
5 TP.'JHTR 449.6 DEG.C 
6 INTEFF 17.5 Z 
8 AMPS 1387. AMPS 
9 QDISPG 2. WATTS 

VIBRATION 
'IXlHOR 0.5 CM/S 
VYlVER 9.8 Cn/S 

REMOTE CALCULATIONS 
PWROUT 688. WATTS 
INDPWR 692. WATTS 
PISTST 2.98 CM 
DISPST 2.40 CM 

TllHTR 414.1 DEG.C 
T12HTR 430.1 DEG.C 

T13REG'***** DEG.C 
T14REG 368.1 DEG.C 
T15REG 251.0 DEG.C 
T16REG 236.0 DEG.C 
T17REG 222.4 DEG.C 
T18REG 230.0 DEG.C 
T19REG 159.6 DEG.C 

TLJINCL 2 4 .  3 DEG.C 
TDLCL 11.13 DEG.C 
TLIOCLR 34.14 DEG.C PHASE ANGLES 

PADISP 61.6 DEG. 
PAPRES -8.4 DEG. DYNAMIC CALCULATIONS 

PRMPC 1344. KPA 
DISPCP 2.46 CM ENGINE SPEED 

FREQ 30.1 HZ 10 QDISP 10. WATTS 
11 QP.EG1 57. WF.TTS 
12 QP.EG2 112. WATTS 

PISTCP 2.15 CM 
PDYNDB+***** KPA 
PDLCLR 14.42 KPA 
PDLREG 67.20 KPA 
PDLDIS116.41 KPA 

13 4REG3 2 4 .  WATTS 
14 PFP 961.9 KPR/CM 
15 PFD 185.2 KPA/CM 
16 NBEnLE 0.00426 

TO3HED****** DEG.C 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 08/03/84 14:38:38.30 RDG 1066 

FLUID HELIUM BAROM 14.342 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON 

XPAT TO DASHPOT COOLING 
FLODP 4.21 L/MIN 

POWER IN 
AMPS1 512. AMPS 
AMPS2 429. AMPS 

ENGINE CHARGE PRESSURE GAS TEMPERATURES 
PRESUP 5570. KPA TGEXP 566.1 DEG.C 

SURFACE TEMPERATURES 
TOlHTR 598.8 DEG.C 
T02HTR 607.5 DEG.C 

MEANBP 5503. KPA TGREGH 561.3 DEG.C 
MEANCP 5532. KPA TFREGC 74.3 DEG C 

TGCOMP 40.2 DEG.C 
TGBOUN 34.4 DEG.C 

TWINDP 22.3 DEG.C 
TDLDP 0.96 DEG.C 
TWODPR 23.9 DEG.C 

VOLTG 2.02 VOLTS TO3HTR 612.9 DEG.C 
T04HTR 606.0 DEG.C 
T05HTR 616.0 DEG.C 
T06HTR 606.1 DEG.C 
T07HTR 605.4 DEG.C 
TO8HTR 583.7 DEG.C 
T09HTR 606.5 DEG.C 
TlOHTR 594.1 DEG.C HEAT TO COOLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS 

FLOCLR 4.41 L/MIN 
TWINCL 25.1 DEG.C 
TDLCL 5.09 DEG.C 
TWOCLR 28.93 DEG.C 

1 PWRIN 1904. WATTS 
2 QCOOLR 1559. WATTS 
3 QDSHPT 280. WATTS 
4 EXTEFF 21.9 X 
5 TAVHTR 600.2 DEG.C 
6 INTEFF 21.1 Z 
8 AMPS 941. AMPS 
9 QDISPG 3. WATTS 
0 QDISP 15. WATTS 
1 QREG1 121. WATTS 
2 QREG2 122. WATTS 
3 QREG3 38. WATTS 
4 PFP 649.2 KPA/CM 
5 PFD 232.3 KPA/CM 
6 NBEALE 0.00608 

VXlHOR 0.2 CM/S PCIROUT 418. WATTS 
VYlVER 4.7 CM/S INDPWR 443. WATTS 

PISTST 1.82 CM 
PHASE ANGLES DISPST 1.95 CM 

PADISP 56.5 DEG. 
PAPRES -22.1 DEG. DYNAMIC CALCULATIONS 

PAMPC 502. KPA 
ENGINE SPEED DISPCP 2.07 CM 

FREQ 26.7 HZ PISTCP 2.40 CM 
PDYNDB****** KPA 
PDLCLR 2.04 KPA 
PDLREG 28.17 KPA 

TllHTR 579.1 DEG.C 
T12HTR 586.0 DEG.C 

T13REG'***** DEG.C 
T14REG 519.7 DEG.C 
T15REG 384.2 DEG.C 
T16REG 376.7 DEG.C 
T17REG 363.9 DEG.C 
T18REG 369.8 DEG.C 
T19RE6 220.3 DEG.C 

T03HED****** DEG.C PDLDIS 48.87 KPA 
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APPENDIX  C .  - CONTINUED.  

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 08/03/84 14:42:44.30 RDG 1067 

't FLUID HELIUM BARON 14.342 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON 

HEAT TO DASHPOT COOLING POWER IN 
FLODP 4.21 L/MIN ANPSl 543. AMPS 

AMFS2 455. AMPS 
TWINDP 22.4 DEG.C VOLTG 2.15 VOLTS 
TDLDP 1.14 DEG.C 
TWODPR 24.0 DEG.C 

ENGINE CHARGE PRESSURE GAS TEMPERATURES 
PRESUP 5562. KPA TGEXP 563.3 DEG.C 

SURFACE TEMPERATIIRES 
TOlHTR 599.9 DEG.C 
TO2HTR 606.4 DEG.C 
TO3HTR 612.9 DEG.C MEANBP 5482. KPA TGREGH 561.9 DEG.C 

MEANCP 5513. KPA TGREGC 76.6 DEG.C 
TGCONP 42.0 DEG.C 

T04HTR 605.8 DEG.C 
T05HTR 615.8 DEG.C 
T06HTR 606.4 DEG.C TGBOUN 34.5 DEG.C 
T07HTR 605.5 DEG.C 
T08HTR 583.5 DEG.C 
TO9HTR 608.0 DEG.C CALCULATED PARAMETERS 

1 PWRIN 2142. WATTS VIBRATION REMOTE CALCULATIONS 
VXlHOR 0.2 CM/S PWROUT 495. WATTS 
VYIVER 5.2 CM/S INDPWR 524. WATTS 

PISTST 2.01 CM 
PHASE ANGLES DISPST 2.07 CM 

PADISF 57.8 DEG. 

TlCtITR 591.7 DEG.C 
T11HTR 579.4 DEG.C 

FLOCLR r . 4 0  L/MIN 
TWINCL 25.0 DEG.C 
TDLCL 5.54 DEG.C 

2 QCOOLR 1692. WATTS 
3 QDSHPT 335. WATTS 
4 EXTEFF 23.1 X 
5 TAVHTR 599.8 DEG.C 
6 INTEFF 22.6 X 

T12HTR 562.5 bEG.C 
TWOCLR 29.30 DEG.C 

T13REG****** DEG.C 
T14REG 518.5 DEG.C 
T15REG 384.1 DEG.C 

PAPRES -20.9 DEG. DYNAMIC CALCULATIONS 
PAMPC 699. KPA 

ENGINE SPEED DISPCP 2.13 CM 
FREQ 26.9 HZ PISTCP 2.45 CM 

PDYNDB****** KPA 
PDLCLR 2.55 KPA 

8 AMPS 998. AMPS 
9 QDISPG 3. WATTS 

10 QDISP 15. WATTS T16REG 379.5 DEG.C 
T17PEG 368.1 DEG.C 
T18REG 368.6 DEG.C 
T19PEG 221.5 DEG.C 

T03HED****** DEG.C 

11 QREGI 119. WATTS 
12 QREG2 122. WATTS 
13 QREG3 38. WATTS 
1 4  PFP 805.9 KPA/CM 
15 PFD 284.8 KPA/CH 
16 NBEALE 0.00652 

PDLREG 31.90 KPA 
PDLDIS 54.30 KPA 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST ~ 0 0 3 ,  REC 08/03/84 i4:47:26.35 RDG io68 

FLUID HELIUM BARON 14.342 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON 

HEAT TO DASHPOT COOLING POWER IN 
FLODP 4.21 L/MIN ANPS1 575. AMPS 

ENGINE CHARGE PRESSURE GAS TEMPERATURES 
PRESUP 5565. KPA TGEXP 560.8 DEG.C 

SURFACE TEMPERATURES 
TOlHTR 602.3 DEG.C 
T02HTR 605.2 DEG.C 
TO3tlTR 614.6 DEG.C TGlINDP 22.4 DEG.C 

TDLDP 1.31 DEG.C 

AMPS2 478. AMPS 
VOLTG 2.27 VOLTS MEANBP 5503. KPA TGREGH 562.5 DEG.C 

MEANCP 5536. KPA TGREGC 78.9 DEG.C 
TGCONP 43.5 DEG.C 

T04HTR 605.5 DEG.C 
T05HTR 616.9 DEG.C 
T06HTR 606.9 DEG.C 
T07HTR 605.7 DEG.C 
T08HTR 584.7 DEG.C 

TGBOUN 35.0 DEG.C 

TO9HTR 610.2 DEG.C 
TlOHTR 590.8 DEG.C 
TllHTR 580.2 DEG.C 

HEAT TO COOLER CALCULATED PARAMETERS 
fLOCLR 4.41 L/MIN 1 PWRIN 2387. WATTS 
TWINCL 25.1 DEG.C 2 QCOOLR 1833. WATTS 
TDLCL 5.99 DEG.C 3 QDSHPT 383. WATTS 
TWOCLR 29.80 DEG.C 4 EXTEFF 23.9 X 

5 TAVHTR 600.2 DEG.C 
6 INTEFF 23.7 X 
8 AMPS 1053. AMPS 
9 QDISPG 3. WATTS 

10 QDISP 15. WATTS 
11 QREG1 118. WATTS 

VIBRATION REMOTE CALCULATIONS 
VXlHOR 0.2 CM/S PWROUT 570. WATTS 
VYlVER 5.8 CM/S INDPWR 602. WATTS 

PISTST 2.20 CM 
PHASE ANGLES DISPST 2.19 CM 
PADISP 58.1 DEG. 
PAPRES -19.8 DEG. DYNAMIC CALCULATIONS 

Tl2HTR 579.9 6EG.C 

T13REG****** DEG.C 
T14REG 517.8 DEG.C 
T15REG 385.2 DEG.C ENGINE SPEED 

FREQ 27.0 HZ 

PAMPC 768. KFA 
DISPCP 2.16 CM 
PISTCP 2.44 CM 
PDYNDB***+** KPA 
PDLCLR 2.72 KPA 
PDLREG 35.98 KPA 

T16REG 381.9 DEG.C 
T17REG 371.8 DEG.C 
T18REG 369.8 DEG.C 12 QREG2 120. MATTS 

13 QREG3 37. WATTS 
1 4  PFP 804.1 KPA/CM 

T19REG 223.8 DEG.C 

T03HED****** DEG.C PDLDIS 60.75 KPA 15 PFD 2 7 9 . 2  KPA/Ctl 
16 NBEALE o.00680 

NRSA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST ~ 0 0 3 ,  REC 08/03/84 14:52:23.35 RDG io69 

FLUID HELIUM BARON 14.342 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON 

PEAT TO DASHPOT COOLING POWER IN 
FLODP 4.22 L/MIN AMPS1 607. AMPS ENGINE CHARGE PRESSURE GAS TEMPERATURES 

PRESUP 5561. KPA TGEXP 558.0 DEG.C 

MEANBP 55i.i. KPA TGREGH 562.2 DEG.C 
MEAFCP 5it 1. CPA TGREGC 81.1 DEG.C 

TGCOMP 45.8 DEG.C 
TGBOUN 36.3 DEG.C 

SURFACE TEMPERATURES 
TOlHTR 603.6 DEG.C AMPS2 500. AMPS 

TWINDP 22.4 DEG.C VOLTG 2.39 VOLTS 
TDLDP 1.51 DEG.C 
TWODPR 24.5 DEG.C 

HEAT TO COOLER CALCULATED PARAMETERS 
FLOCLR 4.41 L/MIN 1 PWRIN 2642. WATTS 
TWINCL 25.1 DEG.C 2 QCOOLR 1979. WATTS 
TDLCL 6.46 DEG.C 3 QDSHPT 441. WATTS 
TWOCLR 30.43 DEG.C 4 EXTEFF 24.5 X 

5 TAVHTR 600.4 DEG.C 
6 INTEFF 24.6 )6 
8 ANPS 1107. AMPS 
9 QDISPG 3. WATTS 

10 QDISP 15. WATTS 
11 QREGl 117. WATTS 
12 QREG2 119. WATTS 
13 QREG3 37. WATTS 
14 PFP 785.9 KPA/CM 
15 PFD 266.8 KPA/CM 
16 NBEALE 0.00704 

VIBRATION REMOTE CALCULATIONS 
VXlHOR 0.3 CM/S PWROUT 646. WATTS 
VYlVER 6.5 CM/S INDPWR 681. WATTS 

PISTST 2.41 CM 
PHASE ANGLES DISPST 2.32 CM 

PADISP 58.5 DEG. 
PAPRES -18.6 DEG. DYNAMIC CALCULATIONS 

PAMPC 827. KPA 
ENGINE SPEED DISPCP 2.19 cn 
FREQ 27.0 HZ PISTCP 2.44 CM 

PDYNDB****** KPA 
PDLCLR 3.56 KPA 
PDLREG 40.05 KPA 
PDLDIS 67.20 KPA 

TlOHTR 589.3 DEG.C 
TllHTR 579.9 DEG.C 
T12HTR 577.8 DEG.C 

T13REGr***** DEG.C 
T14REG 517.7 DEG.C 
T15REG 386.7 DEG.C 
T16P.EG 383.2 DEG.C 
T17REG 373.7 DEG.C 
T18REG 370.7 DEG.C 
T19REG 226.8 DEG.C 

T03HED****** DEG.C 
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APPENDIX  C .  - CONTINUED. 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 0 8 / 0 3 / 8 4  14:58:23.35 RDG 1070 

FLUID HELIUM BAROM 14.342 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON 

HEAT TO DASHPOT COOLING 
FLODP 4.20 L/MIN 

POWER IN 
AMPSl 635. AMPS 
AMPS2 521. AMPS 

ENGINE CHARGE PRESSURE 
PRESUP 5553. KPA 

MEANBP 5494. KPA 
MEANCP 5531. KPA 

GAS TEMPERATURES 
TGEXP 555.0 DEG.C 

TGREGH 554.7 DEG.C 
TGREGC 79.7 DEG.C 
TGCOllP 49.4 DEG. C 
TGBOUN 37.7 DEG.C 

SURFACE TEMPESATURES 
TOlHTR 599.7 DEG.C 
T02HTR 606.6 DEG.C 
TO3HTR 614.7 DEG.C 
T04HTR 601.3 DEG.C 
T05HTR 619.1 DEG.C 
T06HTR 609.4 DEG.C 
T07HTR 608.6 DEG.C 
TORHTR 580.8 DEG.C 
T09HTR 607.0 DEG.C 
TlOHTR 586.7 DEG.C 
TllHTR 573.8 DEG.C 
T12HTR 577.7 DEG.C 

TWINDP 22.4 DEG.C 
TDLDP 1.70 DEG.C 
TWODPR 24.7 DEG.C 

VOLTG 2.49 VOLTS 

HEAT TO COOLER CALCULATED PARAMETERS 
1 PWRIN 2879. WATTS 
2 QCOOLR 2137. WATTS 
3 QDSHPT 495. WATTS 
4 EXTEFF 25.0 % 
5 TAVHTR 598.8 DEG.C 
6 INTEFF 25.2 % 
8 AMPS 1156. AMPS 
9 PDISPG 3. WATTS 

10 QDISP 14. WATTS 
11 QREGl 108. WATTS 
12 QREG2 130. WATTS 
13 QFEG3 37. WATTS 
14 PFP 795.4 KPA/CM 
15 PFD 267.8 KPA/CM 
16 NBEALE 0.00729 

VIBRATION 
VXlHOR 0.3 CM/S 
VYlVER 7.1 CM/S 

PHASE ANGLES 
PADISP 58.7 DEG. 
PAPRES -18.0 DEG. 

ENGINE SPEED 
FREQ 26.9 HZ 

REMOTE CALCULATIONS 
PWROUT 720. WATTS 
INDPWR 759. WATTS 
PISTST 2.61 CM 
DISPST 2.46 cn 

FLOCLR 4 . 4 0  L/MIN 
TWINCL 25.2 DEG.C 
TDLCL 7.00 llZ5.C 
TWOCLR 30.99 DEG.C 

T13REG****** DEG.C 
T14REG 515.2 DEG.C 
T15P.EG 379.5 DEG.C 

DYNAMIC CALCULATIONS 
PAMPC 910. KPA 
DISPCP 2.25 cn 
PISTCP 2.46 cn 
PDYNDB*+**** KPA 

T16REG 367.6 DE6.C 
T17P.EG 352.7 DEG.C 
T18REG 355.3 DEG.C 

PDLCLR 4.41 KPA 
PDLREG 42.43 KPA 
PDLDIS 71.95 KPA 

T19REG 222.0 DEG.C 

TO3HED*****' DEG.C 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003. REC 08/03/84 15:03:44.35 RDG 1071 

FLUID HELIUM BAROM 14.342 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON 

HEAT TO DASHPOT COOLING POWER IN ENGINE CHAP.GE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES 
AMPSl 680. AMPS PRESUP 5546. KPA TGEXP 550.9 DEG .C  TOlHTR 596.8 DEG.C FLODP 4.18 LININ AMPS2 558. AMPS T02HTR 610.6 DEG.C 

TWINDP 22.4 DEG.C VOLTG 2.68 VOLTS MEANBP 5489. KPA TGREGH 541.6 DEG.C T03HTR 614.7 DEG.C 
TDLDP 1.91 DEG .C MEANCP 5530. KPA TGREGC 74.2 DEG.C T04HTR 598.6 DEG.C 
TWODPR 24.9 DEG.C TGCOMP 55.2 DEG.C T05HTR 621.7 DEG.C 

TGBOUN 38.7 DEG.C T06HTR 611.7 DEG.C 
T07HTR 611.3 DEG.C 
T O R H T R  577.1 DEG.C 
T09HTR 602.4 DEG.C 
TlOHTR 586.1 DEG.C FEAT TO COOLER 

FLOCLR 4.41 L/MIN 
CALCULATED PARAMETERS 

1 PWRIN 3315. WATTS 
VIBRATION 

VXlHOR 0.3 CM/S 
VYlVER 7.6 CM/S 

REMOTE CALCULATIONS 
PWROUT 785. WATTS 
INDPWR 833. WATTS 

DISPST 2.55 CM 
PISTST 2.79 cn 

DYNAMIC CALCULATIONS 

TllHTR 567.0 DEG.C 
T12HTR 579.7 DEG.C TWINCL 25.3 DEG.C 

TQLCI, 7.97 DEG .C 
TWOCLR 32.10 DEG.C 

2 
3 
4 
5 
6 
8 
9 

10 
11 
12 
13 

QCOOLR 
QDSHPT 
EXTEFF 
TAVHTR 
INTEFF 
AMPS 
QDISPG 
QDISP 
QREGl 
QREGZ 
OREG3 

2441. WATTS 
554. WATTS 
23.7 X 

598.1 DEG.C 
24.3 % 
1238. AMPS 

3. WATTS 
14. WATTS 
92. WATTS 
152. WATTS 
36. WATTS 

PHASE ANGLES 
PADISP 59.5 DEG. 
PAPRES -17.3 DEG. 

ENGINE SPEED 
FREQ 26.8 HZ 

T13REG****** DEG.C 
T14REG 499.2 DEG.C 
T15REG 343.6 DEG.C 
T16REG 321.0 DEG.C 
T17REG 298.4 DEG.C 
T18FEG 311.2 DEG.C 
T19REG 198.0 DEG.C 

T03HED****** DEG.C 

PLMPC 965. KPA 
DISPCP 2.31 CM 
PISTCP 2.44 CM 
PDYNDB****** KPA 
PDLCLR 6.28 KPA 
PDLREG 4 4 . 8 0  KPA 

14 PFP 780.6 KPA/CM 
15 PFD 261.2 KPA/CM 
16 NBEALE 0.00744 

PDLDIS 77.38 KPA 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 08/03/84 15:07:17.40 RDG 1072 

FLUID HELIUM BAROM 14.342 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON 

HEAT TO DASHPOT COOLING POWER IN 
FLODP 4.17 L/MIN AMPSl 696. AMPS 

AMPS2 573. AMPS 
TWINDP 22.5 DEG.C VOLTG 2.75 VOLT: 
TDLDP 1.96 DEG.C 
TWODPR 25.0 DEG.C 

ENGINE CHARGE PPESSURE GAS TEMPERATURES SURFACE TEMPERATURES 
PRESUP 55=4. KPA TGEXP 548.3 3EG.C l'OlHTR 594.4 DEG.C 

T02HTR 613.1 DEG.C 
MFAbYP 5'94. KPA TGREGH 532.0 DEG.C TO3HTR 614.0 DEG.C 
MESNZP 5536. KP? TGREGC 72.3 DEG.C T04HTR 597.7 DEG.C 

TGCOMP 59.7 DEG.C TO5HTR 622.3 DEG.C 
TGBOUN 39.4 DEG.C T06HTR 612.6 DEG.C 

TO7HTR 612.1 DEG.C 
T08HTR 574.5 DEG.C 
T09HTR 599.4 DEG.C 

VIBRATION REMOTE CALCULATIONS TlOHTR 586.0 DEG.C HEAT TO COOLER 
FLOCLR 4.42 L/MIN 

CALCULATED PARAMETERS 
1 PWRIN 3489. WATTS 

__. 
VXlHOR 0.3 CM/S 
VYlVER 7.7 CM/S 

PWROUT 756. WATTS TllHTR 562.9 DEG.C 
INDPWR 806. WATTS T12HTR 581.6 DEG.C 
PISTST 2.83 CM 

TWINCL 25.5 DEG.C 
TDLCL 8.35 DEG .C 
TWOCLR 32.86 DEG.C 

2 QCOOLR 2559. WATTS 
3 QDSHPT 566. WATTS 
4 EXTEFF 21.7 % 
5 TAVHTR 597.5 DEG.C 
6 INTEFF 22.8 % 

PHASE ANGLES 
PADISP 59.2 DEG. 
PAPRES -16.2 DEG. 

DISPST 2.44 CM 
T13REG****** DEG.C 
T14REG 487.4 DEG.C 
T15REG 321.4 DEG.C 
T16REG 296.8 DEG.C 
T17REG 270.4 DEG.C 
T18REG 288.0 DEG.C 
T19REG 184.7 DEG.C 

T03HED****** DEG.C 

DYNAMIC CALCULATIONS 
PAtlPC 999. KPA 
DISPCP 2.34 CM 

8 AMPS 1269. AMPS 
9 QDISPG 3. WATTS 

10 QDISP 14. WATTS 
11 QREGl 84. WATTS 
12 QREG2 162. WATTS 
13 QREG3 36. WATTS 
14 PFP 794.0 KPA/CM 
15 PFD 265.6 KPA/CM 
16 NBEALE 0.00709 

ENGINE SPEED 
FREQ 26.7 HZ PISTCP 2.43 CM 

P DY NDB**** * * K PA 
PDLCLR****** KPA .~~ ~ 

PDLREG 26.13 KPA 
PDLDIS 74.67 KPA 
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A P P E N D I X  C. - CONTINUED.  

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 08/06/84 14:31:24.59 RDG 1075 

FLUID HELIUM BARON 14.288 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON 

HEAT TO DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES 
FLODP 3.84 L/IIIN mFsi 4 4 8 .  AMPS PRESUP 4145. KPA TGEXP 562.2 DEG.C TOlHTR 606.5 DEG.C 

AMFS2 382. AMPS T02HTR 598.6 DEG.C 
TUINDP 22.8 DEG.C VOLTG 1.78 VOLTS MEANBP 4011. KPA TGREGH 562.2 DEG.C T03HTR 613.7 DEG.C 
TTLDP 0.32 DEG.C IiEANCP 4028. KPA TGREGC 66.0 DEG.C T04HTR 607.6 DEG.C 
TWODPR 23.8 DEG.C TGCONP 33.8 DEG.C T05HTR 611.9 DEG.C 

TGBOUY 28.7 DEG.C T06HTR 596.9 DEG.C 
T07HTR 578.3 DEG.C 
T08HTR 593.9 DEG.C 
TO7HTR 606.9 DEG.C 

HEAT TO COOLER CALCULATED PARAMETERS VIBRATION REMCTE CALCULATIONS TlOIITR 598.1 DEG.C 
FLOCLR 4.31 L/MIN 1 PWRIN 1481. WATTS VXlHOR 0 . 2 CII.‘S FLROUT 280. WATTS T11HTR 585.3 DEG.C 
TWINCL 25.2 DEG.C 2 QCOCLR 890. WATTS VYlVER 4.1 C?.S ItiDFWR 290. WATTS TlZHTR 584.7 DEG.C 
TDLCL 2.97 DEG.C 3 QDSHFT 86. WATT!., PISTST 1.82 Ctl 
TIs!OCLR 27.7 9 DEG. C 4 EXTEFF 18.9 % PHA.?. 5 A’IGLES DISPST 1.97 Cil 

5 TAVHTR 600.2 DEG.C PADIS,’ 55.9 DEG. T13REGYx**+* DEG.C 
6 INTETF 23.9 % PP,PRES -23.8 DEG. DYNAMIC CALCULATIONS T14REG 507.9 DEG.C 
8 P.IIFS 830. AMPS PAf’lPC 4 3 8 .  RPA T15REG 366.8 DFG.C 
9 GDISPG 3. WATTS ENGINE SPEED DISFCP 1. ( 6  cm T16P.EG 363.4 DEG.C 

10 QDISP 15. WATTS FREQ 22.8 HZ PISTCP 2.34 CI1 T17REG 360.7 D5G.C 
11 QREG1 129. WP.TTS Pl)i’t{DB**x*+* KFA T18REG 361.9 DEG.C 
12 QREG2 118. WATTS PDLCLR 1.19 KFA T19REG 203.1 DEG.C 
13 OREG3 38. WATTS PELREG 17.65 KPA 
14 FFP 573.1 KPA/CM PDLDIS 31.90 KPA T03HEDY+**** DEG.C 
15 FFD 216.8 KPA/CM 
16 NrjEALE 0.00656 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 08/06/84 14:37:54.59 RDG 1076 

FLUID HELIUM 

HEAT TO DASHPOT COOLING 
FLQDP 3.85 L/IIIN 

BAROM 14.288 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON 

POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES 
AtlPSl 464. AMPS PRESUP 4155. KPA TGEXP 560.4 DEG.C 
AMPS2 396. ARPS 
VOLTG 1.85 VOLTS MEANBP 4008. KPA TGREGH 562.3 DEG.C 

MEANCP 4025. KPA TGREGC 67.6 DEG.C 
TGCOVP 36.1 DEG. C 
TGBCUN 29.0 DEG.C 

SURFACE TEMPERATURES 
TOlHTR 605.6 DEG.C 
T02HTR 600.3 DEG.C 
T03HTR 614.9 DEG.C 
T04HTF 605.9 DEG.C 

TWINDP 22.8 DEG.C 
TDLDP 0.45 DEG.C 
TLODPR 23.9 DEG.C T05fiTR 614.6 DEG.C 

T06HTR 597.9 DEG.C 
T07HTR 599.1 DEG.C 
TOBHTR 592.2 DEG.C 
TO9HTR 606.3 DEG.C 
TlOHTR 597.4 DEG.C 
TllHTR 584.1 DEG.C 
T12HTR 556.1 DEG.C 

HEAT TO COOLER 
FLOCLR 4.31 L/MIN 1 
TWINCL 25.2 DEG.C 2 
TDLCL 3.24 DEG.C 3 
TWOCLR 28.07 DEG.C 4 

5 
6 
8 
9 

10 
11 
12 
13 
14 
15 
16 

CALCULATED PARAMETERS 
PWRIN 1589. WATTS 

VIBRATION 
VXlHOR 0.2 CM/S 
VYlVER 4 . 4  CM/S 

REMOTE CALCULATIONS 
FW3OUT 327. WATTS 
INDPUR 345. WATTS QCOOLR 968. WATTS 

QDSHPT 119. WATTS 
EXTEFF 20.6 % 

PISTST 1.99 CM 
DISPST 2.13 CM 

DYNAMIC CALCULATIONS 
PARFC 472. KPA 
DISPCP 2.05 CM 

PDYNDBY**Yr* KPA 
FDLCLR 1.36 KPA 
PDLREG 21.72 KPA 
PDLDIS 36.66 KPA 

PISTCP 2.36 cn 

PHASE ANGLES 
PADISP 55.7 DEG. 
PAPRES -22.8 DEG. 

TAVHTR 600.4 DEG.C 
INTEFF 25.3 % 
AYPS 8 6 0 .  AMPS 
QDISPG 3. WATTS 
QDISP 15. WATTS 
QREG1 127. WATTS 
QP.EG2 118. WATTS 
QP.EG3 38. WATTS 
PFP 562.5 KPA/CM 
PFD 208.3 KPA/CM 
NBEALE 0.00700 

T13REGY***** DEG.C 
T14REG 511.9 DEG.C 
T15REG 373.5 DEG.C 
T16REG 365.9 DEG.C 
T17REG 362.8 DEG.C 
T18P.EG 366.2 D€G.C 
T19PEG 209.5 D X . C  

ENGINE SPEED 
FREO 22.8 HZ 

T03HED****** DEG.C 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003. REC 08/06/84 14:42:21.59 RDG 1077 

FLUID HELIUM BAROM 14.288 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON 

HEAT TO DASHPOT COOLING 
FLODP 3.83 L/MIH 

TWINDP 22.9 DEG.C 
TDLDP 0.57 3EG.C 
.WODPR 24.1 DEG.C 

POWER IN 
AMPS1 501. AMPS 
ARPS2 420. AMPS 
VOLTG 1.98 VOLTS 

ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES 
PRESUP 4150. KPA TGEXP 556.6 DEG.C TOlHTR 603.9 DEG.C 

TO2HTR 599.1 DEG.C 
MEANBP 4000. KPA TGREGH 560.5 DEG.C TO3ItTR 613.3 DEG.C 
nEANCP 4020. KPA TGREGC 69.3 DEG.C T04HTR 605.2 DEG.C 

TGCOnP 38.1 DEG.C T05HTR 613.6 DEG.C 
TSBOUN 29.9 DEG.C T06HTR 599.1 DEG.C 

T07HTR 599.9 DEG.C 
T08HTF. 589.4 DEG.C 
T09HTR 606.7 DEG.C 
TlOHTR 593.7 DEG.C 
T11HTR 582.2 DEG.C 
TlZHTR 583.3 DEG.C 

HEAT TO COOLER 
FLOCLR 4.29 L I M N  

CALCULATED PARAMETERS 
PWRIN 1824. WATTS 
QCOOLR 1071. WATTS 
QDSHPT 151. WATTS 
EXTEFF 21.2 % 

VIBRATION 
VXlHOR 0.2 CM/S 
VYlVER 4.9 CM/S 

REMOTE CALCULATIONS 
PWP.OUT 387. WATTS 
INDPWR 407. WATTS 

1 
2 
3 
4 
5 
6 
8 
9 

10 
11 
12 
13 
14 
15 
16 

TWIIKL 25.2 DEG.C 
TDLCL 3.59 CEG.C 
TYOCLR 28.42 DEG.C 

PISTST 2.20 cn 
DISPST 2.27 CM 

DYNAMIC CALCULATIONS 
PAMPC 541. KPA 
DISPCP 2.06 CM 
PISTCP 2.39 CM 
PD i‘ ND B** ** * * K PA 
PDLCLR 1.87 KPA 
PDLREG 24.44 KPA 
PDLDIS 40.73 KPA 

PHASE ANGLES 
PADISP 57.1 DEG. 
PAPRES -21.i DEG. 

ENGINE SPEED 
FREQ 23.0 HZ 

TAVHTR 599.1 DEG.C 
INTEFF 26 .5 % 
ARPS 921. AMFS 
QDISPG 3. WATTS 
QDISP 15. WATTS 
QREG1 123. WATTS 
QBEG2 120. WATTS 
QREG3 38. WATTS 
PFP 574.3 KPA/CM 
PFD 209.8 KPA/CM 
NBEALE 0.00746 

T13REG****** DEG.C 
T14REG 512.1 DEG.C 
T15EEG 376.4 DEG.C 
T16REG 369.4 DEG.C 
TliREG 363.7 DEG.C 
T18REG 364.3 DEG.C 
T19P.EG 212.9 DEG.C 

T03HED****** DEG.C 
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A P P E N D I X  C. - CONTINUED.  

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 08/06/84 14:47:21.59 RDG 1078 

FLUID HELIUM BAPOM 14.288 PSI REGENERATCR 1 DISPLP.CER 1 STANDARD PISTON 

POWER IN 
ANFSl 516. AMPS 
AIlPS2 434. AilFS 
VOLTG 2.04 VOLTS 

ENGINE CfiARGE PPESSURE 
FRESUP 4146. KFA 

MEANBP 3995. KPA 
MEANCP 4018. KPA 

GAS TEMPERATURES 
TGEXP 555.0 DEG.C 

TGREGH 561.j DEG.C 
TGREGC 71.0 DEG.C 
TGC0:lP 40.2 DEG.C 
TGEOUN 30.9 DEG.C 

HEAT TO DASHPOT COOLING 
FLOFP 3.82 L/NTN 

SUBFACE TEMPERATURES . . .~  
TOlHTR 605.0 DEG.C 
T02HTR 600.1 DEG.C 
T03HTR 613.7 CEG.C TWINDP 22.9 DEG.C 

TDLDP 0.80 DEG.C 
IWCDFR 24.3 DEG.C 

T0411TF. 
T05HTR 

T07HTR 
T08IlTR T09fITR 

T10 HTR 
T11 HTR 
TlZHTR 

TO 6ii.r~ 

604.9 DEG.C 
614.0 CEG.C 
600.5 DEG.C 
600.9 DEG.C 
589.6 DZG.C 
607.9 DEG.C 
592.2 DEG.C 
582.9 DEG.C CALCULATED PARAMETEPS 

1 PLJRIN 1939. MATT!‘ 
VIBRATION 

VXlHOX 0.2 C!,S 
‘JYl‘JL.2 5.4 C W S  

RTMOTE CALCULAfIONS 
PWROUT 446. WATTS 
I!{DFWR 466. WATTS 

HEAT TO COOLER 
FLCCLR 4 . 3 0  LININ 

TDLCL 3.94 DEG.C 
TWIIiCL 25.2 DEG.C 

TLGCLR 28. a2 DEG . c 

582.0 DEG.C 2 
3 
4 
5 
6 
8 
9 

10 
11 
12 
13 

QCOOLR 
4CSlIFT 
EXTEFF 
T A ’I f l TR 
I!ITEFF 
ArIrS 
PDISPG 
CDISP 
QPEG1 
r;?Lr,2 
OP.EG3 

1176. 
212. 
23.0 
579.5 
27.5 
950. 

3. 
15. 
122. 
119. 
38. 

WATTS 
CJ2TTS 
x 
DEG. C 
2 
AMPS 
CJATTS 
WATTS 
WATTS 
WATTS 
WATTS 

FISTST 2.41 CM 
DISFST 2.39 CN PHASE ANGLES 

P%DISP 58.1 DEG. 
PAPRES -20.3 DEG. 

T13REGx’Y*** DEG.C 
T14PEG 512.8 DEG.C DYNAMIC CALCULATIONS 

PPMPC 576. KPA 
DISFCP 2.13 CY 
FISTCP 2.37 C11 
FDYNDB**“‘** KFA 

T15PEG 378.0 DEG.C 
T16PEG 371.9 DEG.C 
T17REG 367.3 DZG.C ENGINE SPEED 

FREQ 23.0 HZ Tl8REG 365.8 DEG.C 
T19REG 215.0 DEG.C 

T03HEDY’**’* DEG.C 

~~ 

PDLCLR 2.04 KPA 
FDLREG 27.15 KPA 
PDLDIS 45.48 KPA 14 PF? 551.3 KFAICM 

15 PFD 197.3 KFFJCM 
16 NBEALE 0.00784 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 08/06/84 14:52:24.59 RDG 1079 

FLUID HELIUM BARON 14.288 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON 

HEAT TO 
FLODP 

DP.SHPOT COOLING 
4.08 L/MIN 

POWER IN 
AMPS1 539. AMPS 
AMPS2 451. REFS 
VOLTG 2.13 VOLTS 

ENGINE CHARGE PRESSURE 
PRESUP 4143. KPA 

MEANBP 3988. KPA 
MEANCP 4012. KPA 

GAS TEMPERATURES 
TGEXP 553.1 DEG.C 
TGREGH 560.1 DEG.C 
TGPEGC 70.5 DEG.C 
TGCDMP 41.6 DEG.C 
TGBOUN 32.0 DEG.C 

SURFACE 
TOlHTR 
TOZHTR 
T03t!lR 
T04HTR 
T05HTR 
T 0 6 H TP. 

TEMPERATURES 
605.6 DEG.C 
599.1 DEG.C 
614.) DEG.C 
603.7 DEG.C 
615.3 DEG.C 
600.7 DEG.C 
601.4 DEG.C 
589.7 DEG.C 

TWINDP 23.0 DEG.C 
TDLDP 0.81 DEG.C 
THODPR 2 4 . 4  DEG.C 

T07HTR 
TOBHTR ~ 

TO9HTR 607.8 DEG.C 
TlOHTR 591.6 DEG.C 
TllHTR 581.8 DEG.C 

REMOTE CALCULATIONS 
PLJROUT 500. WATTS 
INDFWR 520. WATTS 

CALCULATED PARAMETERS 
1 PL.JRIN 2109. WATTS 

VIBRATION 
VXlHOR 0.2 CM/S 
VYlVER 5.8 CM/S 

HEAT TO COOLER 
FLOCLR 4.31 L/MIN 
TWINCL 25.2 DEG.C 
TDLCL 4.15 DEG. C 
7!JOCLR 29.17 DEG.C 

T12HTR 581.3 DEG.C 2 6COOLR 1242. WATTS 
3 QDSHFT 228. WATTS 
4 EXTEFF 23.7 2 

PISTST 2.61 CW 
DISPST 2.55 CM 

DYNAMIC CALCULATIONS 
PAKPC 645. KPA 
DISPCP 2.18 CM 
PISTCP 2.40 CFl 
PDYNDB***’** KPA 
PDLCLR 2.72 KPA 
PDLREG 29.53 I:PA 
PDLDIS 49.21 KPA 

PHASE ANGLES 
PlDISP 58.4 DEG. 
PAPRES -19.7 DEG. 

TljREGY’**‘* DEG.C 
T14REG 512.2 DEG.C 5 TAVHTR 599.4 DEG.C 

6 INTEFF 28.7 X 
8 AIIPS 990. AMPS 
9 QDISPG 3. WATTS 

10 QDISP 15. MATTS 
11 PP.EG1 121. WATTS 
12 QREGZ 121. WATTS 
13 QP.EG3 38. WATTS 

Tl5PEG 376.1 DEG.C 
T16REG 367.6 CEG.C 
T17PEG 363.5 DEG.C ENGINE SPEED 

FREP 23.0 HZ T18REG 363.0 DEG.C 
Tl9REG 213.7 DEG.C 

T03HED*’**** DEG.C i4 PFP 568.8 KPA/CM 
15 PFD 200.5 KPA/CI1 
16 NSERLE 0.00815 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 08/06/84 14:58:30.59 RDG 1080 

FLUID HELIUM BARON 14.288 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON 

HEAT TO DASHPOT COOLING POWER IN 
FLODP 4.11 L/MIN ANFSl 568. AMPS 

AMPS2 475. AMPS 

SURFACE TEMPERATURES 
TGEXP 551.4 DEG.C TOlHTR 606.1 DEG.C 

T02HTR 602.6 DEG.C 
T03HTR 618.9 DEG.C 

TGPEGC 65.5 DEG.C T04HTR 600.0 DEG.C 
TGCOilP 45.0 DEG.C TO5HTR 621.4 DEG.C 
TC-BOUN 33.3 DEG.C T06HTR 602.5 DEG.C 

T07HTR 604.1 DEG.C 

ENGINE CHARGE PRESSURE GAS TEMPERATURES 
PRESUP 4141. KPA 

MEANBP 3986. KPA TGREGH 552.6 DEG.C 
MEANCP 4010. KPA TOIHDP 23.1 DEG.C VOLTG 2.25 VOLTS 

TnLD? 0.93 DEG.C 
TkODFR 24.7 DEG.C 

T08HTR 590.2 
T09HTR 603.7 
TlOHTR 594.6 

DEG . C 
DEG. C 
DEG . C 
DEG . C 
DEG . C 

DEG . C 
DEG . C 
DEG . C 
DEG . C 
DEG . C 
DEG . C 
DEG . C 
DEG . C 

RENOTE CALCULATIONS 
FW?.OUT 567. WATTS HZAT TO COOLER CALCULATED PARAMETERS 

FLOCLR 4.33 L/MIN 1 PL,IRIN 2342. WATTS 
TWINCL 25.3 DEG.C 2 QCOOLR 1402. WATTS 
TDLCL 4.67 DEG.C 3 QDSHFT 266. WATTS 
TWOCLR 29.62 DEG.C 4 EXTEFF 24.2 X 

5 TAVHTR 600.6 DEG.C 
6 INTEFF 28.8 2 

VIBRATION 
VXlHOR 0.2 CM/S 
VYlVER 6.3 CM/S 

PHASE ANGLES 
PADISP 58.6 DEG. 
PAPRES -19.5 DEG. 

ENGINE SPEED 
FP.EQ 22.8 HZ 

T ~ ~ H T R  577.3 
TlZHTl? 585.2 I!IDFWR 592. WATTS 

PISTST 2.82 C11 
DISPST 2.71 CM 

T13REG****** 
T14REG 506.8 DYNAMIC CALCULATIONS 

PAMPC 699. KPA 
DISPCP 2.21 CM 
PISTCP 2.50 CM 
PDYNDB***’** KPA 

T15REG 358.9 
T16PEG 335.6 
T17REG 331.6 

8 AMPS 1043. AMPS 
9 QDISPG 3. WATTS 

10 PDISP 14. WATTS T18REG 342.7 
T19REG 201.7 

TO 3HED***’** 

11 QREG1 114. WATTS 
12 QREG2 133. WATTS 
13 QREG3 38. WATTS 

PDLCLR 3.53 KPA 
PDLREG 31.22 KPA 
PDLDIS 51.93 KPA 14 PFP 568.0 KPA/CM 

15 PFD 202.2 KPA/CM 
16 NBEALE 0.00860 50 
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A P P E N D I X  C. - CONTINUED. 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 0 8 / 0 6 / 8 4  15:02:18.59 RDG 1081 

FLUID HELIUN BARCM 14.288 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON 

HEAT TO DASHPOT COOLING PCLJER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES 
FLODP 4.10 L/IlIN AflFS1 588. F.MPS PIIESU? 4139. m a  TC-EYP 548.0 DEG.C 

TWINDP 23.1 DEG.C VCLTG 2.32 VOLTS MEANBP 3953. KPA TGRESH 549.8 DEG.C 
TDLCP 1 . 0 6  DEG .C MEANCP 4011. KFA TSPEGC 65.1 D'ZG.C 
T1,!3DTR 24.8 DEG.C TGCCTIP 47.0 DEG.C 

TGBCUN 33.9 DEG.C 

AMFS2 491. AMPS 

HEAT TO COOLER 
FLOCLR 4.34 
TKINCL 25. 3 
TDLCL 4.99 
TLIOCLR 2 9.7 0 

CALCULATED PARANETERt 
L/MIN 1 P!*!RIN 2507. !dATTS 
DEG . C 2 QCOCLR 1500. WATTS 
DEG . C 3 QDZ!lI'T 302. W:tTTS 
DEG. C 4 EXTEFF 24.8 X 

5 TAVHTF. 600.0 DEG.C 
6 I!ITEFF 29.3 X 
8 ANFS 1079. AMPS 
9 QDISPG 3. LdATTS 

10 QDISP 14. W?.TTS 
11 OREG1 113. KATTS 
12 G R E G 2  136. WLTTS 
13 ORE53 38. L.!hTTS 
14 PFP 557.0 KPA/CM 

16 NBFALE 0.00890 
15 PFD 197.2 EPuCn 

VIBF ITlOE 
VAlHO? 0.3 CM/S 
L'YlVER 6.7 CM/S 

PHASE ANGLES 
PADISP 58.9 DEG. 
PAPRES -19.3 DEG. 

ENGINE SPEED 
FREQ 22.7 HZ 

REKOTE CALCULATIONS 
F!!QCUT 622. l.!\TTS 
I Y D P Y R  6G7. I4:iTS 
FISTST 3.01 Cil 
DIS'ST 2.86 CM 

DYN4MIC CALCUL9TIONS 
PAPIPC 733. KPA 
DISPCP 2.11 Cil 
PISTCP 2.56 Cil 
FDi't;D!3Y*+xY* KPA 
PDLCLR 3.39 KPA 
PDLREG 33.26 KPA 
PCLDIS 56.68 KPR 

SURFACE TEMPERATU2ES 
TOlHTR 605.2 DEG.C 
T021iTR 603.1 DEG.C 
T03t1TR 619.5 DEG.C 
T04liTR 597.7 DEG.C 
T0511T2 622.8 DEG.C 
T06lITR 603.2 DE5.C 
T07liiR 604.6 D5G.C 
T08!!i'F. 558.7 DEG.C 
T09t ITR 6 0 2 . 6  DEG.C 
TlOI!?R 593.1 DEG.C 
TlltiTR 575.1 DEG.C 
T12tiTR 584.3 DEG.C 

T13PEGY***** DEG.C 
T14PEG 505.5 DEG.C 
T15PEC 354.8 DE:G.C 
T16DEG 328.7 DEG.C 
T17P.EG 324.6 DEG.C 
T18RZG 338.1 DEG.C 
T19PFG 198.9 DEG.C 

TO 3HED****** DEG. C 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003. REC 08/08/84 13:16:33.40 RDG 1117 

FLUID HELIUM BAROM 14.239 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON 

HEAT TO DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEPlPERATURES 
FLODP 4 . 4 0  L/MIN P.MFS1 560. AMPS PRESUP 7088. KPA TGEXP 568.8 DEG.C 

TWINDP 25.0 DEG.C VOLTG 2.22 VOLTS MEAHBP 7007. KPA TGREGH 563.8 DEG.C 
TDLDP 1.19 DEG .C MERNCP 7047. KPA TGPZGC 100.3 DEG.C 
TG!CDPR 26.7 DEG.C TGCONP 52.1 DEG.C 

TGBCUN 39.5 DEG.C 

M F S 2  479. AMPS 

HEAT TO COOLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS 
FLOCLR 4 36 L/MIN 1 PWPIN 2303. WATTS VXlHOR 0.3 CM/S PWROIJT 503. WATTS 
TWINCL 39.6 DEG.C 2 QCOOLR 1710. WATTS VYlVER 6.0 CM/S I!(DFWR 544. WATTS 

TWOCLR 44.13 DEG.C 4 EXTEFF 21.9 X PHASE ANGLES DISPST 1.86 CM 
5 TAVHrR 599.5 DEG.C PP.DISP 57.9 DEG. 
6 INTEFF 22.7 Z PAPRES -18.7 DEG. DYNAMIC CALCULATIONS 

TT)J.CL 5.69 DEG.C 3 ODSHPT 363. WATTS PISTST 1.81 cn 

8 AMPS 1039. AMPS PAWPC 797. KPA 
9 QDISPG 3. GlATTS ENGINE SPEED DISPCP 2.02 CI1 

11 QREG1 118. WATTS PDYNDB*YY*** EPA 
12 QREG2 115. WATTS PDLCLF. 3.05 KPA 
13 QREG3 36. WATTS PDLREG 35.30 KPA 
1 4  PFP 1009.7 KFA/CM PDLDIS 65.16 KPA 
15 PFD 324.6 KPA/CII 
16 NREALE 0.00512 

10 QDISP 15. WATTS FREQ 30.1 HZ PISTCP 2.36 cn 

SURFACE TEMPERATURES 
TOlHTR 600.0 DEG.C 
TO2HTR 605.4 DEG.C 
T03HTR 611.6 DEG.C 
T04HTR 604.7 DEG.C 
T05HTR 615.9 DEG.C 
TOSHTR 605.5 DEG.C 
T07HTR 604.2 DEG.C 
T08HTR 582.6 DEG.C 
TC9HTR 609.2 DEG.C 
TlOHTR 591.2 DEG.C 
T11HTR 579.1 DEG.C 
T12HTR 582.9 DEG.C 

T13REG'***** DEG.C 
T14REG 521.2 DEG.C 
T15?.EG 389.1 DSG.C 
T16REG 392.1 DEG.C 
T17REG 384.9 DEG.C 
Tl8REG 378.9 DEG.C 
T19REG 232.9 DEG.C 

T03HED'***** DEG.C 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003. REC 08/08/84 13:21:24.40 RDG 1118 

FLUID HELIUM BAROM 14.239 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON 

HEAT TO DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATUPES 
FLODP 4.39 L/NIN AllFSl 597. AMPS PRESUP 7085. EPA TGEXP 565.3 DEG.C TOlHTR 601.1 DEG.C 

AMFS2 508. AMPS TO2HTR 6 0 4 . 4  DEG.C 
TWINDP 25.1 DEG.C VOLTG 2.36 VOLTS MEANBP 7005. KPA TGREGH 563.9 DEG.C T03HTR 612.7 DEG.C 
TDLDP 1.45 DEG.C MEANCP 7047. KPA TGREGC 103.2 DEG.C T04HTP. 605.5 DEG.C 
TWODPR 27.0 DEG.C TGCOllP 54.8 DEG.C T05HTR 6 1 6 . 6  DEG.C 

TGBOUN 40.7 DEG.C T06HTR 606.3 DEG.C 
T07HTR 604.7 DEG.C 
T08HTR 582.5 DEG.C 
T09HTR 6 1 0 . 0  DEG.C 

HEAT TO COOLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS TlOHTR 588.9 DEG.C 
FLOCLR 4.37 L/MIN 1 PWRIN 2608. WATTS VXlHOR 0 . 3  CM/S PWROUT 587. WATTS TllHTR 578.6 DEG.C 
TWINCL 39.7 DEG.C 2 QCOOLR 1842. WATTS Vi'lVER 6.7 CM/S INDPWR 631. WATTS T12HTR 579.5 DEG.C 
TDLCL 6.10 DEG.C 3 QDSHPT 442. WATTS PISTST 2.01 CM 
TWOCLR 4 4 . 6 6  DEG.C 4 EXTEFF 22.5 X PHASE ANGLES DISPST 1.97 cn 

5 TAVHTR 599.2 DEG.C PADISP 57.9 DEG. T13REG'***** D€,G.C 
6 INTEFF 24.2 X PAPRES -18.0 DEG. DYNAMIC CALCULATIONS T14REG 521.3 DEG.C 
8 AMPS 1105. P.MPS PAllPC 886. KPA T15REG 392.8 DEG.C 
9 QDISPG 3 .  WATTS ENGINE SPEED DISPCP 2.23 CM T16REG 396.2 DEG.C 

1 0  QDISP 14. WATTS FREQ 30.2 HZ PISTCP 2.37 cn T17REG 389.8 DEG.C 
11 QREG1 118. WATTS PDYNDB****** KPA T18REG 382.9 DEG.C 
12 QREG2 112. WATTS PDLCLR 3.73 KPk T19REG 237.7 DEG.C 
13 QRE53 3 6 .  WATTS PDLREG 41.07 KPA 
14 PFP 1009.5 KPA/CM PDLDIS 80.10 KPA T03HED'***** DEG.C 
15 PFD 327.9 KPA/CPI 
16 NBEALE 0.00538 51 
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NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 08/08/84 13:26:36.40 RDG 1119 

FLUID HELIUM BAROM 14.234 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON 

HEAT TO DASHPOT COOLING 
FLCDP 4.38 L/MIt( 

POWER It( 
AMPSl 629. AMPS 
AMPS2 536. AMPS 
VOLTG 2.49 VOLTS 

ENGINE CHAP.GE PRESSURE 
PRESUP 7086. KPA 

MEANBP 7009. KPA 
MEANCP 7053. KPA 

GAS TERPERATURES 
TGEXP 562.9 DEG.C 

SURFACE TEMPERATURES 
TOlHTR 602.1 DEG.C 
TO2HTR 604.2 DEG.C 
T03HTR 614.5 DEG.C 
T04HTR 605.0 DEG.C 
TO5HTR 618.6 CEG.C 
TO6HTR 607.2 DEG.C 
T07HTR 605.7 DEG.C 

TWINDP 25.2 DEG.C 
TDLDP 1.63 DEG.C 
TWODPR 27.4 DEG.C 

TGREGH 563.0 DEG.C 
TGREGC 105.7 DEG.C 
TGCOMP 57.4 DEG.C 
TGBOUN 41.6 DEG.C 

T08HTR 582.5 DEG.C 
T0911TR 611.1 DEG.C 
TlOHTR 588.5 DEG.C 
TllHTR 578.0 DEG.C 
Tl2HTR 578.3 DEG.C 

HEAT TO COOLER 
FLOCLR 4.36 L/MIN 
TWINCL 3 9 .7 DEG . C 
TDLCL 6.88 DEG.C 
TJd3CLR 45.37 DEG.C 

CALCULATED PARAMETERS 
1 PGlRIN 2900. WATTS 
2 QCOOLR 2073. KATTS 
3 QDSHPT 496. WATTS 

VIBRATION 
VXlHOR 0 . 4  CM/S 
VYlVEP. 7.3 CM/S 

REMOTE CALCULATIONS 
PWROUT 667. WATTS 
ItJDPWR 718. WATTS 
PISTST 2.19 CM 

4 
5 
6 
8 
9 
10 
11 
12 
13 
14 
15 

EXTEFF 23.0 
TAVHTP. 5 9 9.6 
INTEPF 24. 3 
ArlPS 1165. 
QDISPG 3. 
QDISP 14. 
QREG1 116. 
OREC2 111. 
QREG3 35. 
PFP 1003.3 
PFD 314.8 

x 
DEG . C 
x 
AMPS 
GJATTS 
WATTS 
WATTS 
WATTS 
WATTS 
KPA/CM 
KPA/CM 

PHASE ANGLES 
PADISP 58.4 DEG. 
PAPRES -16.8 DEG. 

DISPST 2.09 CM 

DYNAMIC CALCULATIONS 
PARPC 970. KPA 
DISPCP 2.26 CM 

T13REG****** DEG.C 
T14REG 521.9 DEG.C 
T15REG 395.2 DEG.C 
T16REG 397.0 DEG.C 
T17P.EG 390.9 DEG.C 
Tl8REG 384.7 DEG.C 
T19REG 241.6 DEG.C 

ENGINE SPEED 
FREQ 30.2 HZ PISTCP 2.39 CM 

PDYNDB****** KPA 
PDLCLR 4.24 KPA 
PDLP.EG 45.48 KPA 
PDLDIS 80.78 KPA T03HED****** DEG.C 

i i  NBEALE 0.00558 

000 FREE PISTON STIRLING ENGINE TEST D003, REC 08/08/84 13:31:27.40 RDG 1120 NASA LEWIS SENSITIVITY TEST DATA RE 

PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON 

SURFACE TEMPERATURES ENGINE CHARGE PRESSURE GAS TEMPERATURES 
PRESUP 7089. KPA TGEXP 559.6 DEG.C TOlHTR 602.7 DEG.C ARPS 

AMPS TOZHTR 604.0 DEG.C 
VOLTS MEANBP 7011. KPA TGREGH 561.7 DEG.C T03HTR 616.3 DEG.C 

MEANCP 7061. KPA TGREGC 108.4 DEG.C T04HTR 603.9 DEG.C 
TGCOMP 60.5 DEG.C T05HTR 620.6 DEG.C 
TGBOUN 42.9 DEG.C T06HTR 608.3 DEG.C 

T07HTR 606.7 DEG.C 
T08JiTR 582.1 DEG.C 
TO9HTR 611.5 DEG.C 

!(EAT TO COCLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS TlOHTR 587.4 DEG.C 
FLOCLR 4.39 LININ 1 PWRIN 3258. WATTS VXlHOR 0 . 4  CM/S PWROUT 757. WATTS TllHTR 576.6 DEG.C 
TWItiCL 39.8 DEG.C 2 QCOOLR 2345. WATTS VYlVER 8.0 CM/S INDPWR 814. WATTS Tl2HTR 576.3 DEG.C 
TCLCL 7.74 DEG.C 3 QDSHPT 598. WATTS PISTST 2.42 CM 
TWOCLZ 46.23 DEG.C 4 EXTEFF 23.2 X PHASE ANGLES DISPST 2.22 CM 

5 TAVHTR 599.7 DEG.C PADISP 58.4 DEG. T13REGYY'Yy" DEG.C 
6 INTEFF 24.4 X PAPRES -15.7 DEG. DYNAMIC CALCULATIONS T14REG 522.0 DEG.C 
8 AMPS 1234. AMPS PAMPC 1083. KPA T15REG 397.2 DEG.C 
9 QDISPG 3. WATTS ENGINE SPEED DISPCP 2.27 CM T16REG 397.8 DEG.C 
10 QDISP 1 4 .  WATTS FREQ 30.2 HZ PISTCP 2.38 CM T17P.EG 391.7 DEG.C 
11 QREGl 114. WATTS PDYNDB****** KPA T18REG 386.3 DEG.C 
12 QREG2 110. WATTS PDLCLR 5.09 KPA T19REG 245.2 DEG.C 
13 QREG3 35. WATTS PDLREG 51.25 KPA 
14 FFP 1010.9 KPA/CM PDLDIS 89.26 KPA T03HED****** DEG.C 
15 PFD 309.5 KPA/CM 
16 NSEALE 0.00575 

FLUID HELIUM BARCM 14.23 

HEAT TO DASHPOT COOLING POWER IN 
FLODP 4.38 L/MIN AMPSl 667. 

AMFSZ 568. 
TWINDP 25.3 DEG.C VOLTG 2.64 
TDLDP 1.97 DEG.C 
TWCDPR 27.7 DEG.C 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 08/08/84 13:36:21.40 RDG 1121 

FLUID HELIUM BAROM 14.234 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON 

HEAT TO DASHPOT COOLING POWER IN 
FLODP 4.37 L/MIN AMPSl 702. AMPS 

AMPS2 595. AMPS 
TWINDP 25.4 DEG.C VOLTG 2.78 VOLTS 
TDLDP 2.18 DEG.C 
TWODPR 28.0 DEG.C 

ENGINE CHARGE PRESSURE 
PRESUP 7093. KPA 

MEANBP 7012. KPA 
MEANCP 7066. KPA 

GAS TEMPERATURES SURFACE TEMPERATURES 
TGEXP 557.0 DEG.C TOlHTR 602.6 DEG.C 

TO2HTR 604.7 DEG.C 
TGREGH 559.4 DEG.C T03HTR 616.7 DEG.C 
TGF.EGC 109.0 DEG.C T04HTR 603.0 DEG.C 
TGCOMP 64.0 DEG.C T05HTR 621.4 DEG.C 
TGBOUN 4 4 . 0  DEG.C T06HTR 609.5 DEG.C 

T07HTR 608.0 DEG.C 
T08HTR 580.9 DEG.C 
TO9HTR 611.3 DEG.C 

REMOTE CALCULATIONS TlOHTR 586.0 DEG.C 
PWROUT 845. WATTS TllHTR 574.7 DEG.C 
INDPWR 907. WATTS T12HTR 574.8 DEG.C 
PISTST 2.61 CM 

HEAT TO COOLER CALCULATED PARAMETERS VIBRATION 
VXlHOR 0 . 4  CM/S 
VYlVER 8.6 CM/S 

PHASE ANGLES 
PADISP 58.5 DEG. 
PAPRES -14.9 DEG. 

FLOCLR 4.36 L/MIN 
TWINCL 39.9 DEG.C 
TDLCL 8.42 DEG.C 

1 PWRIN 
2 QCOOLR 
3 QDSHPT 
4 EXTEFF 
5 TAVHTR 
6 INTEFF 
8 AMPS 
9 QDISPG 

3599. WATTS 
2532. WATTS 
662. WATTS 
23.5 X 

25.0 2 
599.5 DEG.C 

1296. AMPS 
3. WATTS 

TWOCLR 46.99 DEG.C DISPST 2.35 CM 
T13REG****** DEG.C 

DYNAMIC CALCULATIONS T14REG 519.6 DEG.C 
PAnPC 1171. KPA T15REG 391.9 DEG.C 
DISPCP 2.29 CM T16FEG 391.7 DEG.C ENGINE SPEED 

FREQ 30.3 HZ 10 QDISP 14. WATTS 
11 QREG1 111. WATTS 
12 QREG2 114. WATTS 

PISTCP 2.34 CM T17REG 386.0 DEG.C 
PDYNDB****** KPA T18REG 378.7 DEG.C 
PDLCLR 6.11 KPA T19REG 241.7 DEG.C 

13 QREG3 35. WATTS 
14 PFP 1007.1 KPA/CM 
15 PFD 300.9 KPA/CM 
16 NBEALE 0.00593 

PDLREG 56.34 KPA 
PDLDIS 96.73 KPA T03HED****** DEG.C 

52 
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NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 08/08/84 13:41:21.40 RDG 1122 

FLUID HELIUM BARON 14.234 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON 

HEAT TO DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES 
FLODP 4.37 L/MIN AMPSl 744. AMPS PRESUP 7093. KPA TGEXP 553.0 DEG.C 

TWINDP 25.6 DEG.C VOLTG 2.91 VOLTS MEANBP 7014. KPA TGREGH 550.7 DEG.C 
'- TDLDP 2.52 DEG.C MEANCP 7072. KFA TGEEGC 104.8 DEG.C 

TPJODPR 28.5 D5G.C TGCOMP 70.5 DEG.C 
TGBOUN 45.8 DEG.C 

ANFSZ 627. AMPS 
SURFACE TEMPERATUPES 
TOlHTR 600.3 DEG.C 
T02HTR 606.8 DEG.C 
TO3HTR 614.7 DEG.C 
TOGHTR 601.2 DEG.C 
TO5IITP 621.1 DEG.C 
TO6HTR 610.5 DEG.C 
T07HTR 608.9 DEG.C 
TO8HTR 577.5 DEG.C 

HEAT TO COOLER 
FLOCLR 4.35 LININ 
TWINCL 39.9 DEG.C 

CALCULATED PARAMETERS 
1 Pb!RIN 3994. WATTS 
2 PCOOLR 2889. WP.TTS 
3 QESHPT 765. WATTS 
4 EXTEFF 22.8 2 
5 TAVHTR 598.1 DEG.C 
6 INTEFF 24.0 2 

VIBRATION 
VXlHOR 0.4 CM/S 
VYlVEP. 9.1 CM/s 

REMOTE CALCULATIONS 
T09HTR 608.8 DEG.C 
TlOliTR 583.8 DEG.C 
T11HTR 569.9 DEG.C 
T12HTR 574.2 DEG.C 

FI,l?.CUT 912. WATTS 
I!(CTGIR 976. WATTS 
PISTST 2.77 CI1 TPLCL 9.62 DEG.C 

TWOCLR 48.16 DEG.C PHASE ANGLES 
PADISP 58.5 DEG. 
PP.PRES -14.4 DEG. 

DISPST 2.44 C f l  
T13REG***+** DEG.C 
T14REG 505.1 DEG.C DYNAMIC CALCULATIONS 

PF.MFC 1196. KPA 
DISPCP 2.39 CM 

PGYIIDB****+* KPA 
PDLCLR 6.28 KFA 
PDLREG 55.66 KPA 
PDLDIS 97.07 KPA 

PISTCP 2.38 cn 
8 AMPS 1371. P.WPS 
9 PDISPG 3. WATTS 

10 QDISP 14. blATTS 
11 PREG1 99. E:ATTS 
12 QREG2 135. WATTS 

T15PEG 358.4 DEG.C 
TlSPEG 355.7 DEG.C 
T17REG 348.0 DEG.C 

ENGINE SPEED 
FREQ 30.1 PZ 

r18REG 338.4 DEG.C 
T19PEG 216.9 DEG.C 

TO3HED**++*+ DEG.C 
13 QEEG3 35. WATT!., 
14 FFP 967.1 KPA/CM 
15 PFD 285.6 KPA/CM 
16 NREALE 0.00606 

KASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 08/27/84 13:46:04.27 RDG 1196 

FLUID HELIUM BARON 14.332 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON 

ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES HEAT TO DASHPOT COOLING PCWER IN 
AMPSl 557. AMPS PRESUP 7217. KPA TGEXP 570.3 DEG.C TOlHTR 599.5 DEG.C 

T02HTR 607.4 DEG.C ANFSZ 461. AMPS 
VOLTG 2.22 VOLTS MEANBP 6995. KPA TGREGH 563.9 DEG.C TOJHTR 611.0 DEG.C 

MEANCP 7025. KPA TGP.EGC 113.1 DEG.C T04HTR 608.2 DEG.C 
TGCOMP 61.3 DEG.C T05HTR 615 2 DEG.C 

0 DEG.C 
8 DEG.C 
1 DEG.C 

FLODP 4.00 L/MIN 

TWINDP 18.2 DEG.C 
TDLDP 1.58 DEG.C 
TWODPR 20.5 DEG.C 

TGBOUN 37.7 DEG.C T06HTR 607 
T07HTR 605 
T08HTR 582 

HEAT TO COOLER 
FLOCLR 4.15 L/MIN 1 
TWINCL 53.9 DEG.C 2 
TDLCL 4 . 4 8  DEG.C 3 
TWOCLR 57.49 DEG.C 4 

5 
6 
8 
9 

10 
11 
12 

CALCULATED PARAMETERS 
PWRIN 2263. WATTS 
QCOOLR 1278. WATTS 
QDSHPT 439. WATTS 
EXTEFF 20.9 2 
TAVHTR 600.1 DEG.C 
INTEFF 27.0 2 

VIBRATION 
VXlHOR 0.4 
VYlVER 5.8 

PHASE ANGLES 
PADISP 58. 
PAPRES -17. 

REMOTE CALCULATIONS 
PWROUT 473. WATTS 
INDPWR 512. WATTS 
PISTST 1.80 Cn 
DISPST 1.82 CM 

DYNAMIC CALCULATIONS 
PAMPC 787. KPA 
DISFCP 2.06 Cn 
PISTCP 2.36 Cn 
PDYNDB***++* KFA 
PDLCLR 3.05 KPA 
PDLREG 34.28 KPA 
PDLDIS 61.43 KPA 

TO9HTR 610 
TlOHTR 591 
T11HTR 579 
T12HTR 584 

2 DEG.C 
5 DEG.C 
7 DEG.C 
1 DEG.C 

* DEG.C 
9 DEG.C 
2 DEG.C 
6 DEG.C 
.4 DEG.C 

CM/S 
CM/S 

3 DEG. 
8 DEG. 

T13REGY*** 
T14REG 522 AMPS 1018. AMPS 

QDISPG 3. WATTS 
QDISP 14. WATTS 
QREG1 113. WATTS 
QREG2 116. WATTS 
QREG3 35. WATTS 
PFP 997.0 KPA/CM 
PFD 31 1.0 KPA/CM 
NBEALE 0.00486 

T15REG 394 
T16REG 396 
T17REG 385 
T18REG 380. 
T19REG 241. 

ENGINE SPEED 
FREQ 30. 1 HZ 

3 DEG.C 
3 DEG.C 

.* DEG.C 
~~ 

13 
14 
15 
16 

NASA LEWIS SENSITIVITY TE :ST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 08/27/84 13:50: 19.27 RDG 1 197 

FLUID HELIUM BARON 14.332 PSI REGENERATOR 1 D1SPLA.-PR 1 S' ANDAhD PISTON 

HEAT TO DASHPOT COOLING 
FLODP 4.02 LININ 

TWINDP 18.3 DEG.C 
TDLDP 1.80 DEG.C 

POWER IN 
AMPSl 598. AMPS 
AMPS2 490. AMPS 

ENGIYE CE IRGE --IiESSURF 
PRSSUP 7260. KP? 

MEANBP 6995. KPA 
MEANCP 7027. KPA 

GAS TEMPERATURES 
TGEXP 567.2 DEG.C 

TGREGH 562.6 DEG.C 
TGREGC 116.1 DEG.C 
TGCOMP 63.2 DEG.C 
TGBOUN 38.8 DEG.C 

SURFACE TEMPERATURES 
TOlHTR 600.1 DEG.C 
TOZHTR 606.6 DEG.C VOLTG 2.37 VOLTS T03HTR 612.9 DEG.C 
T04HTR 607.5 DEG.C 
T05HTR 617.2 DEG.C TWODPR 20.8 DEG.C 
T06HTR 607.8 DEG.C 
T07HTR 606.6 DEG.C 
TO8HTR 581.6 DEG.C 
T09HTR 611.3 DEG.C 
TlOHTR 590.3 DEG.C 
TllHTR 578.8 DEG.C 

HEAT TO COOLER - FLOCLR 4.15 L/MIN 
T!JI!!CL 54.0 DEG.C 
TDLCL 5.06 DEG.C 
TWOCLR 58.16 DEG.C 

CALCULATED PARAMETERS 
1 PWRIN 2582. WATTS 
2 QCOOLR 1444. WATTS 
3 QDSHPT 504. WATTS 

VIBRATION 
VXlHOR 0 . 5  CM/S 
VYlVER 6.5 CM/S 

REMOTE CALCULATIONS 
FWROUT 557. WATTS 
INDPWR 602. WATTS 
PISTST 2.01 CM 
DISPST 1.96 CM 

DYNAMIC CALCULATIONS 
PAMPC 886. KPA 
DISPCP 2.15 CM 
PISTCP 2.37 CM 
PDYNDB****** KPA 
PDLCLR 3.90 KPA 
PDLREG 39.37 KPA 
PDLDIS 71.29 KPA 

T12HTR 582.1 DEG.C 
4 EXTEFF 21.6 2 
5 TAVHTR 600.2 DEG.C 
6 INTEFF 27.8 2 

PHASE ANGLES 
PADISP 58.7 DEG. 
PAPRES -16.7 DEG. 

ENGINE SPEED 
FREQ 30.1 HZ 

T13REG****** DEG.C 
T14REG 523.7 DEG.C 8 

9 
10 
11 
12 
13 
14 
15 
16 

AMPS 
QDISPG 
QDISP 
QREGl 
QREG2 
QREG 3 
PFP 
PFD 
NBEALE 

1088. 
3. 

14. 
111. 
114. 
35. 

998.3 
303.3 
0.0051 

AMPS 
WATTS 
WATTS 
WATTS 
WATTS 
WATTS 
KPA/CM 
KPA/CM 
2 

T15REG 397.9 DEG.C 
T16REG 399.7 DEG.C 
T17REG 387.7 DEG.C 
T18REG 382.7 DEG.C 
T19REG 246.2 DEG.C 

T03HED****** DEG.C 
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FLUID HELIUM BARON 14.332 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON 

HEAT TO DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TENPERATURES 
FLODP 4.01 L/MIN AMPSl 633. AMPS PRESUP 7273. KPA TGEXP 564.3 DEG.C 

I AMPS2 516. AMPS 
SURFACE TEMPERATURES 
TOlHTR 600.3 DEG.C 
T02HTR 607.0 DEG.C 

MEANBP 6991. KPA TGREGH 561.6 DEG.C T03HTR 613.9 DEG.C 
MEANCP 7027. KPA TGREGC 118.7 DEG.C T04HTR 607.0 DEG.C 

TGCOMP 66.2 DEG.C T05HTR 618.5 DEG.C 
TGBOUN 39.9 DEG.C T06HTR 609.5 DEG.C 

IINDP 18.5 DEG.C 
3::; ?.C5 DEG.C 
TWODPR 21.2 DEG.C 

VOLTG 2.51 VOLTS 

T07HTR 608.2 DEG.C 
T08HTR 580.8 DEG.C 
T09HTR 612.3 DEG.C 

HEAT TO COOLER CALCULATED PARAMETERS VIBRATION 
VXlHOR 0.5 CM/S 
VYlVER 7.2 CM/S 

PHASE ANGLES 
PADISP 58.8 DEG. 
PAPRES -15.8 DEG. 

REMOTE CALCULATIONS 
PWROUT 635. WATTS 
INDPWR 687. WATTS 

TlOHTR 588.8 DEG.C 
T11HTR 577.9 DEG.C 
T12HTR 580.4 DEG.C 

FLOCLR 4.14 L/MIN 
TWINCL 53.8 DEG.C 
TDLCL 5.79 DEG.C 

1 PWRIN 
2 QCOOLR 
3 QDSHPT 
4 EXTEFF 
5 TAVHTR 
6 INTEFF 
8 ANPS 
9 QDISPG 

2882. WATTS 
1646. WATTS 
575. WnTTS 
22.0 X 

600.4 DEG.C 
27.9 2 
1149. ANPS 

3. WATTS 

PISTST 2.21 CM 
DISPST 2.08 CM 

DYNAPlIC CALCULATIONS 
PAMPC 974. KPA 
DISPCP 2.15 CM 
PISTCP 2.39 CM 
PDYNDB****** KPA 
PDLCLR 4.41 KPA 
PDLREG 44.12 KPA 
PDLDIS 78.06 KPA 

TWOCLR 58.75 DEG.C 
T13REG***++* DEG.C 
T14REG 524.2 DEG.C 
T15REG 400.3 DEG.C 
T16REG 401.8 DEG.C 
T17REG 389.2 DEG.C 
T18REG 382.9 DEG.C 
T19REG 249.6 DEG.C 

T03HED****** DEG.C 

ENGINE SPEED 
FREQ 30.1 HZ 10 QDISP 14. WATTS 

11 QREGl 108. WATTS 
12 QREG2 115. WATTS 
13 QREG3 34. WATTS 
14 PFP 993.0 KPA/CM 
15 PFD 297.3 KPA/CM 
16 NBEALE 0.00531 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 08/27/84 14:00:22.27 RDG 1199 

FLUID HELIUM BARON 14.332 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON 

HEAT TO DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPEEATUBES 
FLODP 4.01 L I N I N  AMPSl 663. ANPS PRESUP 7294. KPA TGEXP 561.2 DEG.C TOlHTR 601.4 DEG.C 

AMFS2 545. AMPS T02HTR 607.2 DEG.C ' TWINDP 18.6 DEG.C VOLTG 2.64 VOLTS MEANBP 6992. KPA TGREGH 561.0 DEG.C T03HTR 614.5 DEG.C 
TDLDP 2.39 DEG.C MEANCP 7033. KPA TGREGC 121.9 DEG.C T04HTR 606.8 DEG.C 
TWODPR 21.7 DEG.C TGCOMP 69.7 DEG.C T05HTR 619.1 DEG.C 

TGBOUN 41.7 DEG.C T06HTR 610.8 DEG.C 
I T07HTR 609.4 DEG.C 

TOBHTR 580.6 DEG.C 
T09HTR 613.5 DEG.C 

HEAT TO COOLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS TlOHTR 586.9 DEG.C 
FLOCLR 4.15 L/MIN 1 PWRIN 3188. WATTS VXlHOR 0 . 5  CWS FWROUT 702. WATTS TllHTR 577.6 DEG.C 
TWINCL 53.9 DEG.C 2 QCOOLR 1911. WATTS VYlVER 7.8 CM/S INDFWR 759. WATTS TlPHTR 577.9 DEG.C 
TDLCL 6.70 DEG.C 3 QDSHPT 667. WATTS PISTST 2.40 CM 
TWOCLR 59.60 DEG.C 4 EXTEFF 22.0 X 

5 TAVHTR 600.5 DEG.C 
6 INTEFF 26.9 X 
8 RNPS 1208. AMPS 
9 QDISPG 3. WATTS 

PHASE ANGLES 
PADISP 58.9 DEG. 
PAPRES -14.6 DEG. 

DISPST 2.17 CM 
T13REG****** DEG.C 

DYNAMIC CALCULATIONS 
PAMFC 1073. KPA 
DISPCP 2.22 CM 

Tl4REG 523.7 DEG.C 
T15REG 402.1 DEG.C 
T16REG 405.0 DEG.C 
T17REG 392.3 DEG.C 
T18REG 383.3 DEG.C 
T19REG 252.8 DEG.C 

ENGINE SPEED 
FREQ 30.2 HZ i o  QDISP 14. 

11 QREGl 106. 
12 QREGZ 114. 
13 QP.EG3 34. 
14 PFP 1001.2 
15 PFD 291.6 

~~ ~ 

WATTS 
WATTS 
WATTS 

PISTCP 2.38 CM 
PDYNDB****'* KFA 
PDLCLR 5.09 KPA 

WATTS 
KPA/CM 
KPA/CM 

PDLREG 48.53 KPA 
PDLDIS 84.51 KPA T03HED****** DEG.C 

I 16 NBEALE 0.00540 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST DOC3, REC 08/27/84 14:05:40.27 RDG 1200 

FLUID HELIUM BARF" '4.332 PSI REGENERATOR 1 9ISPL:LER 1 S1 'ARD PISTON i 
HEAT TO DASHPOT COOLING 
FLODP 4.01 L/MIN 

POWER IN 
AMPSl 694. AMPS 
AMPS2 569. AMPS 
VOLTG 7 VOLTS 

ENGINE :HARGE PRESSUR 
PRESUP 7311. KPA 

GAS TEMPERATURES 
TGEXP 558.0 DEG.C 

SURFACE TEMPERATURES 
TOlHTR 600.3 DEG.C 
T02HTR 607.1 DEG.C 
T03HTR 614.6 DEG.C TWINDP 18.7 DEG.C 

TDLDP 2.63 DEG.C 
TWODPR 22.1 DEG.C 

MEANBP 6986. KPA 
MEANCP 7031. KPA 

TGREGH 558.6 DEG.C 
TGREGC 123.0 DEG.C 
TGCOMP 74.7 DEG.C 
TGBOUN 43.1 DEG.C 

T04HTR 605.0 DEG.C 
T05HTR 619.5 DEG.C 
T06HTR 611.7 DEG.C 
T07HTR 610.3 DEG.C 
TO8HTR 578.4 DEG.C 
T09HTR 612.6 DEG.C 
TlOHTR 584.7 DEG.C 
TllHTR 575.1 DEG.C 
T12HTR 575.6 DEG.C 

HEAT TO COOLER CALCULATED PARAMETERS VIBRATION 
FLOCLR 4.15 L/MIN 1 PWRIN 3493. WATTS VXlHOR 0.6 CM/S 
TWINCL 54.0 DEG.C 2 QCOOLR 2108. WATTS VYlVER 8.4 CM/S 
TDLCL 7.39 DEG.C 3 QDSHPT 734. WATTS 
TWOCLR 60.48 DEG.C 4 EXTEFF 22.2 X PHASE ANGLES 

5 TAVHTR 599.6 DEG.C PADISP 59.1 DEG. 

REMOTE CALCULATIONS 
PWROUT 777. WATTS 
INDFWR 837. WATTS 
PISTST 2.60 CM 
DISPST 2.29 CM 

T13REG****** DEG.C 
T14REG 522.7 DEG.C 
T15REG 402.6 DEG.C 
T16REG 402.4 DEG.C 
T17REG 388.9 DEG.C 
T18REG 382.4 DEG.C 
Tl9REG 255.2 DEG.C 

T03HED****** DEG.C 

6 INTEFF 26.9 X PAPRES -13.7 DEG. 
8 AMPS 1263. AMPS 
9 QDISPG 3. WP.TTS ENGINE SPEED 
10 QDISP 14. WATTS FREQ 30.2 HZ 
11 QREG1 103. WATTS 
12 QREGZ 114. WATTS 
13 QREG3 34. WATTS 
14 PFP 994.2 KPA/CM 
15 PFD 280.7 KPA/CPl 
16 NBEALE 0.00551 54 



NASA LEWIS SENSITIVITY TEST DATA RE 1000 FP.EE PISTON STIRLING ENGINE TEST D003, REC 08/27/84 14:10:19.27 RDG 1201 

FLUID HELIUM BARON 14.332 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON 

HEAT TO DASHPOT COOLING POWER IN 
"50DP 4.01 L/MIN AMPSl 723. AMPS 

AMFS2 598. AMPS 
TWINDP 18.9 DEG.C VOLTG 2.89 VOLTS 
TDLDP 2.99 DEG.C 
T!dODPR 22.5 DEG.C 

ENGINE CHARGE PRESSURE 
PRESUP 7305. KPA 

GP.S TEMPERATURES 
TGEXP 556.4 DEG.C 

TGREGH 557.1 DEG.C 
TGREGC 120.6 DEG.C 
TGCONP 76.3 DEG.C 
TFBOUN 44.5 DEG.C 

SURFACE TEMPERATUEES 
TOlHTR 602.6 DEG.C 
TOZHTR 608.4 DEG.C 

MEANBP 6991. KPA 
MEANCP 7039. KPA 

T03HTR 617.3 DEG.C 
T04HTR 604.0 DEG.C 
T05HTR 623.0 DEG.C 
TOSHTR 612.7 D5S.C 
T07HTR 611.5 D5F.C 
T08HTR 579.8 DEG.C 
T09HTR 612.4 DEG.C 
TlOHTR 585.8 DEG.C 
TIlHTR 574.0 DEG.C 
T12HTR 576.0 PEG.C 

HEAT TO COOLER CALCULATED PARAMETERS VIBRATION 
VXlHOR 0.6 CM/S 
VYlVER 9.1 CM/S 

REMOTE CALCULATIONS 
PWROUT 867. WATTS 
INDPWR 926. WATTS 

FLOCLR 4.14 LININ 1 PWRIN 3821. WATTS 
TWINCL 53.9 DEG.C 2 QCOOLR 2429. WATTS 
TDLCL 8.53 DEG.C 3 QDSHPT 835. WATTS 
TWOCLR 61.33 DEG.C 4 EXTEFF 22.7 X 

5 TAVHTR 600 .6 DEG.C 
6 INTEFF 26.3 X 

PISTST 2.79 CM 
DISPST 2.42 CM PHASE ANGLES 

PADISP 59.0 DEG. 
PAPRES -13.1 DEG. 

ENGINE SPEED 
FREQ 30.3 HZ 

T13REGY*+*** DEG.C 
DYNAMIC CALCULATIONS 

DISFCP 2.30 CM 
PISTCP 2.27 CM 
PDYNDB****+* KPA 

P m P c  1260. KPA 
T14REG 518.9 DEG.C 
T15REG 389.9 DEG.C 
T16REG 385.9 DEG.C 
T17REG 377.6 DEG.C 
T18REG 3:2.5 DEG.C 
T19REG 245.5 DEG.C 

8 AMPS 1321. AMPS 
9 QDISPG 3. WATTS 

10 QDISP 14. MATTS 
11 QREGl 103. WATTS 
12 QEEGZ 119. WATTS PDLCLR 7.13 KPA 

PDLREG 58.38 KPA 
PDLDISlOO. 1: KPA 

13 QREG3 3 4 .  WATTS 
14 PFP 1001.2 KPA/CM 
15 PFD 274.5 KPA/CM T03HED***'** DEG.C 
16 NSEALE 0.00571 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 08/27/84 14:15:34.27 RDG 1202 

FLUID HELIUM BARON 14.327 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON 

HEAT TO DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES 
AMPSl 783. AMPS PRESUP 7280. KPA TGEXP 552.0 DEG.C TOlHTR 602.5 DEG.C FLODP 4.02 L/MIN 
AMPS2 647. AMPS TOZHTR 612.2 DEG.C 

TWINDP 19.0 DEG.C VOLTG 3.13 VOLTS MEANBP 6995. KPA TGREGH 546.6 DEG.C T03HTR 617.6 DEG.C 
MEPsNCP 7050. KPA TGREGC 115.6 DEG.C T04HTR 603.5 DEG.C TDLDP 3.29 DEG.C 

TCIODPR 22.9 DEG.C TGCOMP 88.7 DEG.C T05HTR 624.6 DEG.C 
TGBOUN 46.0 DEG .C T06HTR 614.3 DEG.C 

T07HTR 612.8 DEG.C 
T08HTR 578.2 DEG.C 
T09HTR 610.6 DEG.C 
TlOHTR 586.3 DEG.C 
T11HTR 569.6 DEG.C 
T12HTR 577.0 DEG.C 

HEAT TO COOLER 
FLOCLR 4.16 L/MIN 
TWINCL 54.1 DEG.C 

CALCULATED PARAMETERS 
1 PWRIN 4 4 8 0 .  WATTS 
2 QCOOLR 2878. WATTS 
3 PDSHPT 920. WATTS 
4 EXTEFF 21.0 X 
5 TAVHTR 600.8 DEG.C 

VIBRATION 
VXlHOR 0.6 CM/S 
VYlVER 9.7 CM/S 

REMOTE CALCULATIONS 
PWROUT 939. WATTS 
INDPWR 978. WATTS 
PISTST 2.99 CM 
DISPST 2.41 CM 

TDLCL 10.06 DEG.C 
TWOCLR 63.05 DEG.C PHASE ANGLES 

PADISP 59.5 DEG. 
PAPRES -11.6 DEG. 

T13REG+***** DEG.C 
T14P.EG 496.1 DEG.C 
T15REG 341.2 DEG.C 

6 INTEFF 24.6 X 
8 AMPS 1430. AMPS 
9 QDISPG 3. WATTS 

DYNAMIC CALCULATIONS 
PAMPC 1358. KPA 
DISPCP 2.40 CM 
PISTCP 2.16 CM 
PDYNDB****+* KPA 
PDLCLR'***** KPA 
PDLREG 59.73 KPA 
PDLDIS104.87 KPA 

ENGINE SPEED 
FREQ 30.3 HZ 

T16REG 338.3 DEG.C 
T17REG 331.2 DEG.C 
T18EEG 322.7 DEG.C 
T19REG 211.5 DEG.C 

T 0 3 ~ ~ d ' -  Y i. 3: s x . c: 

10 PDISP 13. WATTS 
11 QREG1 90. WATTS 
12 OREG2 141. WATTS 
13 QREG3 33. WATTS 
14 PFP 995.9 KPA/CM 
15 PFD 262.4 KPA/CM 
16 NBEALE 0.00576 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 09/26/84 10:34:29.52 RDG 1353 

FLUID HELIUM BARON 14.474 PSI REGENERATOR 1 DISPLACER 2 STANDARD PISTON 

HEAT TO DASHPOT COOLING POWER IN 
FLODP 4 . 4 4  LININ AMPSl 553. AMPS 

AIIPS2 485. AMPS 
TWINDP 18.9 DEG.C VOLTG 2.24 VOLTS 
TDLDP 1.14 DEG. C 

ENGINE CHARGE PRESSURE 
PRESUP 7180. KPA 

GAS TEMPERATURES 
TGEXP 570.0 DEG.C 

SURFACE TEMPERATURES 
TOlHTR 595.9 DEG.C 
T02HTR 614.9 DEG.C 
T03HTR 605.8 DEG.C 
T04HTR 611.3 DEG.C 
T05lITR 611.4 DEti.C 
T06HTR 607.4 DEG.C 
T07HTR 606.7 DEG.C 
TO8HTR 577.0 DEG.C 
T09HTR 607.6 DEG.C 

MEANBP 7016. KPA TGREGH 554.2 DEG.C 
MEANCP 7044. KPA TGREGC 90.3 DEG.C 

TGCOMP 41.5 DEG.C 
TGBOUN 33.6 DEG.C 

TL.!ODPR 20.7 DEG.C 

HEAT TO COOLER CALCULATED PARAMETERS 
FLOCLR 4.20 L/MIN 1 PWRIN 2329. WATTS 
T!IINCL 25.1 DEG.C 2 QCOOLR 1795. WATTS 
TDLCL 6.16 DEG.C 3 QDSHPT 352. WATTS 
TLIOCLR 30.00 DEG.C 4 EXTEFF 20.9 X 

5 TAVHTR 599.6 DEG.C 

VIBRATION 
VXlHOR 0.5 CM/S 
VYlVER 6.3 CM/S 

REMOTE CALCULATIONS 
PWROUT 486. WATTS 

T10HTR 592.4 DEG.C 
TllHTR 576.1 DEG.C 
T12HTR 588.5 DEG.C INDPWR 504. WATTS 

PISTST 1.80 CM 
DISPST 1.46 cri PHASE ANGLES 

PADISP 75.8 DEG. 
PAPRES -14.6 DEG. 

T13REG****** DEG.C 6 

9 
10 
11 
12 
13 
14 
15 
16 

a DYNAMIC CALCULATIONS 
PATIPC 896. KPA 
DISPCP 2.54 CM 
PISTCP 2.28 CM 
PDYNDB 863. KPA 

T14REG 512.8 DEG.C 
T15REG 379.1 DEG.C 
T16REG 3 8 4 . 1  DEG.C 
T17REG 369.9 DEG.C 
T18REG 354.5 DEG.C 
T19REG 221.1 DEG.C 

ENGINE SPEED 
FREQ 31.4 HZ 

PDLCLR 4.24 KPA 
PDLREG 33.60 KPA 
PDLDIS 61.09 KPA T03HED****** DEG.C 
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APPENDIX  C .  - CONTINUED.  

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 09/26/84 10:39:20.52 RDG 1354 

FLUID HELIUM BAROM 14.474 PSI REGENERATOR 1 DISPLACER 2 STANDARD PISTON 

HEAT TO DASHPOT COOLING 
FLODP 4.42 L/PlIN 

POWER IN ENGINE CHARGE PRESSURE 
P2ESUP 7176. KPA 

MEP.NBP 7013. KPA 
YSANCP 7046. KPA 

GAS TEMPERATURES 
TGEXP 567.5 DBG.C 

SURFACE TEMPERATURES 
TOlHTR 599.0 DEG.C 
TO2HTR 614.7 DEG.C 
TO3HTR 608.7 DEG.C 
TC'tHTR 610.9 DEG.C 
T05HTR 613.6 DEG.C 
TO6HTR 638.5 DEG.C 
Tii7HTR 607.7 DEG.C 
703HTP. 578.9 CEG.C 
T3?YTP. 609.5 DEG.C 
TlOI!TR 592.5 DE5.C 
T11HTR 576.9 DEG.C 
T12HTR 586.7 DEG.C 

AYFS1 589. AMPS 
REFS2 517. AMPS 
VOLTG 2.39 VOLTS TGRFGH 555.3 DEG.C 

TGREGC 92.9 DEG.C 
TCCCtlP 44.3 DEG.C 
TGBOUN 33.8 DEG.C 

TWINDP 18.8 DEG.C 
T3LDP 1.29 DEG.C 
- 1  AAODPR 1 20.9 DEG.C 

REMOTE CALCULATIONS 
PCIF.CUT 570. WATTS 
IK3)FWP. 590. WATTS 
PISTST 2.00 CM 
DISPST 1.58 cn 

HEAT TO COOLER 
FLOCLR 4.19 L/MIN 
T!,IINCL 25. 0 DEG . C 
TDLCL 6.88 DZG.C 
T!,ICCLR 3 0 .7 9 DEG . C 

CALCULATED PARAMETERS VIBRATION 
VXlHOR 0.5 CM/S 
VYlVER 7.0 CM/S 

1 PCIRfN- 2649. WATTS 
2 QC'IOLR 1999. WATTS 
3 QDSHPT 396. WATTS 

PHASE ANGLES 
PADISP 76.9 DEG. 
PAPRES -13.8 DEG. 

4 EXTCFF 21.5 X 
5 TAVHTR 600.6 DEG.C 
6 I!iTEFF 22.2 X 

T13REGY*Y*** DEG.C 
T14REG 513.0 DEG.C 
T15'33G 381.2 DEG.C 
T16EX 385.9 DEG.C 
T17?.ZG 375.8 CEG.C 
Tl8REG 359.7 DZG.C 
T19P.X 224.8 DEG.C 

TO3HED****** DEG.C 

DYXAMIC CALCULATIONS 
?AYPC 994. K?A 
DISPCP 2.56 C?l 
PISTCP 2.29 C11 
PDYNDB 938. KPA 
PDLCLR 5.09 KPA 
FDLREG 39.03 KPA 
PDZDIS 70.26 KPA 

8 
9 

10 
1 1  

13 
14 
15 

Arm 1 106 . 
QDISPG 3. 
QCISP 15. 
QREG1 109. 
QRFG2 124. 
QREG3 36. 
PFP 1020.2 
PFD 309.4 

AMPS 
WATTS 
WATTS 
WATTS 
WATTS 
WATTS 

K?A/CM 
w w c n  

ENGINE SPEED 
FREQ 31.5 HZ 

1 6  NBEALE 0.00503 

NASR LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 09/26/84 10:44:41.52 RDG 1355 

I FLUID HELIUM BAROM 14.474 PSI REGENERATOR 1 DISPLACER 2 STANDARD PISTON 
SURFACE TEMPERATURES 

HEAT TO DASHPOT COOLING POWER IN TGEXP 565.0 DEG.C TOlHTR 599.9 DEG.C AtlPSl 630. AMPS PRESUP 7179. KPA T02HTR 614.3 DEG.C FLODP 4.42 L/MIN 
AMPS2 546. AMPS TGREGH 554.0 DEG.C T03HTR 610.2 DEG.C VOLTG 2.54 VOLTS MEANBP 7002. KPA T04HTR 609.3 DEG.C TWINDP 18.8 DEG.C ElEANCP 7038. KPA TGREGC 94.7 DEG.C TDLDP 1.56 DEG.C TO5HTR 615.5 DEG.C TGCOMP 4 6 . 4  DEG.C 

T06HTR 609.3 DEG.C TWODPR 21.1 DEG.C TGBOUN 34.4 DEG.C 
TC7HTR 608.5 DEG.C 
TO8HTR 578.5 DEG.C 
T09HTR 609.6 DEG.C 

ENGINE CHARGE PRESSURE GAS TEMPERATURES 

HEAT TO COOLER 
FLOCLR 4.21 
T51INCL 25.0 

L/MIN 
DEG . C 
DEG. C 
DEG . C 

CALCULATED PARAMETERS 
1 PCIRIt{ 2988. WATTS 

VIBRATION 
VXlHOR 0.6 CM/S 
VYlVER 7.6 CM/S 

REMOTE CALCULATIONS 
PWROUT 665. MATTS 
INDPWR 688. WATTS 
PISTST 2.20 Cil 
DISPST 1.70 CM 

TlOHTR 591.2 DEG.C 
TllHTR 575.1 DEG.C 
Tl2HTR 584.7 DEG.C 2 PCOOLR 

3 OCSHPT 
4 EXTEFF 
5 TAVHTR 
6 INTEFF 
8 AMPS 
9 QDISPG 

10 Q3ISP 

2231. WATTS 
478. WATTS 
22.2 x 
23.0 2 

600.5 DEG.C 

TDLCL 7.64 
TUXLR 31.41 PHASE ANGLES 

PADISP 78.3 DEG. 
PAPRES -13.3 DEG. 

T13REG'***** DEG.C 
T14REG 514.0 DEG.C 
T15FEG 385.7 DEG.C 

DYNAMIC CALCULATIONS 
PAMPC 1107. KPA 
DISPCP 2.66 CM 
PISTCP 2.31 CM 
PDYNDB 1013. KPA 

ii75. AMPS 
3. WATTS 
15. WATTS 

ENGINE SPEED 
FREQ 31.5 HZ 

T16P.EG 386.1 DEG.C 
T17REG 377.2 DEG.C 
Tl8REG 362.9 DEG.C 
T19REG 230.2 DEG.C 

T03HED****** DEG.C 

11 QPEG1 108. HATTS 
12 QEEG2 123. WATTS 
13 QPEG3 36. WATTS 

15 PFD 306.8 KPA/CM 
14 PFP 1026.0 KPA/cM 

._. ~~ ~ 

PDLCLR 6.11 KPA 
PDLREG 47.52 KPA 
PDLDIS 84.17 KPA 

i6 NBEALE 0. 00532 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 09/26/84 10:49:20.52 RDG 1356 

FLUID HELIUM BAROM 14.474 PSI REGENERATOR 1 DISPLACER 2 STANDARD PISTON 
SURFACE TEMPERATURES 

HEAT TO DASHPOT COOLING POGIER IN TGEXP 562.0 DEG.C TOlHTR 600.8 DEG.C PRESUP 7174. KPA TO2HTR 613.9 DEG.C FLODP 4.41 L/MIN AMPS1 651. AMPS 
AMPS2 578. AMPS MEANBP 6993. KPA TGREGH 552.7 DEG.C T03HTR 611.7 DEG.C VOLTG 2.66 VOLTS T04HTR 608.2 DEG.C TWINDP 18.8 DEG.C MEANCP 7034. KPA TGREGC 96.7 DEG.C 

T05HTR 617.1 DEG.C TDLDP 1.83 DEG.C TC-COIIP 49.0 DEG.C 
T06HTR 610.3 DEG.C TWODPR 21.2 DEG.C TGBOUH 35.1 DEG.C 
T07HTR 609.5 DEG.C 
T08HTR 578.6 DEG.C 
T09HTR 610.0 DEG.C 

REMOTE CALCULATIONS TlOHTR 590.1 DEG.C 
PWROUT 737. WATTS TllHTR 574.1 DEG.C 
INDPWR 758. WATTS TlZHTR 583.3 DEG.C 

DISPST 1.79 CM 

ENGINE CHARGE PRESSURE GAS TEMPERATURES 

PISTST 2.41 cti 
T13REG'***** DEG.C 

DYNAMIC CALCULATIONS T14REG 513.8 DEG.C 
PAMPC 1191. EPA T15REG 386.6 DEG.C 
DISPCP 2.70 cn Tl6REG 386.8 DEG.C 
PISTCP 2.32 CM T17REG 378.8 DEG.C 
PDYNDB 1113. KPA T18REG 364.8 DEG.C 
PDLCLR 6.96 KPA T19REG 232.2 DEG.C 
PDLP.EG 50.57 KPA 
PDLDIS 88.92 KPA T03HED****** DEG.C 

H EAT TO COOLER 
FLOCLR 4.20 L/MIN 
TWINCL 25.1 DEG.C 
TDLCL 8.05 DEG.C 
TWOCLR 32.04 DEG.C 

CALCULATED PARAMETERS 
1 PWP.IN 3269. WATTS 

VIBRATION 
VXlHOR 0.6 CM/S 
VYlVER 8.3 CM/S 2 QCOOLR 2347. WATTS 

3 QDSHPT 562. WRTTS 
4 EXTEFF 22.5 X PHASE ANGLES 

PADISP 77.6 DEG. 
PAPP.ES -12.3 DEG. 

5 TAVHTR 600.6 DEG.C 
6 INTEFF 23.9 x 
8 ?.UPS 1229. AMPS 
9 QDISPG 3. WATTS 

10 QDISP 15. WATTS 
11 9REG1 108. WATTS 
12 QREG2 121. WATTS 
13 QREG3 35. WATTS 
14 PFP 1013.0 K?A/CM 
15 PFD 289.6 KPA/CM 
16 IIBEALE 0.00544 

ENGINE SPEED 
PREP 31.3 HZ 
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NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 09/26/84 10:54:20.52 P.DG 1357 

FLUID HELIUM BARON 14.474 PSI REGENERATOR 1 DISPLACER 2 STANDARD PISTON 

HEAT TO DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES 
PRESUP 7163. KPA TGEXP 559.5 DEG.C TOlHTR 601.7 DEG.C 

AMPS2 405. AMPS T02HTR 614.3 DEG.C 
MEANBP 6992. KPA TGREGH 551.9 DEG.C T03HTR 612.7 DEG.C 
MEANCP 7033. KPA TGREGC 98.6 DEG.C T04HTR 608.1 DEG.C 

TGCOMP 51.6 DEG.C T051ITR 618.4 DEG.C 
TGBOUN 35.8 DEG.C T06HTF. 6 1 1 . 3  DEG.C 

T07IlTR 610.5 D E G . C  

FLODP 4.38 L/MIN AMPSl 680. AMPS 

TWINDP 18.8 DEG.C VOLTG 2.78 VOLTS 
TDLDP 1.99 DEG.C 
TWODPR 21.4 DEG.C 

TO8HTR 573.3 D E t i . C  
TOIHTR 610.9 DEG.C 
TlOHTR 539.1 DEG.C HEAT TO COOLER 

FLOCLR 4.22 LININ 
TWINCL 25.0 DEG.C 
TDLCL 8.75 DEG.C 
TWOCLR 32.75 DEG.C 

1 
2 
3 
4 
5 
6 
8 
9 

10 
11 
12 
13 
1 4  
15 
16 

S VIBRATION 
VXlHOR 0 . 7  CM/S 
VYlVER 8.9 CM/S 

REMOTE CALCULATIONS 
PWROUT 798. WATTS 
INDPWR 818. WATTS 

TllHTI? 573.5 DEG.C 
T12HTR 582.0 D5G.C 

PISTST 2.61 CM 
DISPST 1.88 CM PHASE ANGLES 

PADISP 77.7 DEG. 
PAPRES -11.3 DEG. 

ENGINE SPEED 
FREQ 31.3 HZ 

T13REG**w*** DEG.C 
T14REG 514.2 DEG.C 
T15REG 390.1 DEG.C 
T16REG 386.3 DEG.C 

DYNAMIC CALCULATIONS 
PAMPC 1299. KPA 
DISPCP 2.65 CM 
PISTCP 2.36 CM 
PDYNDB 1163. KPA 

T17REG 378.5 DEG.C 
T18REG 364.0 DEG.C 
T19REG 237.4 DEG.C PDLCLR 7.81 KPA 

PDLREG 57.36 KPA 
PDLDIS 99.10 KPA TOJHEDY*+*** DEG.C 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST 0003, REC 09/26/84 10:59:38.52 RDG 1358 

FLUID HELIUM BAPOM 14.474 PSI REGENERATOR 1 DISPLACER 2 STANDARD PISTON 

HEAT TO DASHPOT COOLING 
FLODP 4.36 L/MIN 

POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES 
AMPS1 711. AMPS PRESUP 7175. KPA TGEXP 556.8 DEG.C AflPS2 630 PXPC 

MEANBP 7019. KPA TGREGH 550.4 DEG.C 
MEANCP 7064. KPA TG?.EGP 101.1 DEG.C 

TGC0;IT 55.2 D-G C 

SURFACE TEMPERATURES 
TOlHTR 601.8 DEG.C ~~. . 
T02HTP. 614.1 DEG.C 
T03HTR 613.3 DZG.C 
T04!ITR 607.2 DEG.C 

TL.!INDP 18.7 DEG.C 
TDLCP 2.25 DEG.C 
TWODPR 21.6 DEG.C 

~ . . . . . . . - - 
VOLTG 2.90 VOLTS 

~~ - 
TGBOUN 37.0 DEG.C 

HEAT TO COOLER 
FLOCLR 4.22 L/MIN 
TNINCL 25. 0 DEG.C 
TDLCL 9.55 DEG.C 
TWOCLR 33.62 DEG.C 

CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS 
1 P!*IRIN 3891. WATTS VXlHOR 0.7 CM/S P!.IP.OUT 870. WATTS 
2 QCOOLR 2795. WATTS VYlVER 9.5 CM/S INDP!,!R 887. WATTS 
3 QDSHTT 684. WATTS PISTST 2.79 CM 
4 EXTEFF 22.4 2 PHASE ANGLES DISPST 1.96 CM 
5 TAVHTR 600.6 DEG.C PADISP 78.1 DEG. 
6 INTEFF 23.7 X PAPRES -10.9 DEG. DYNAMIC CALCULATIONS 
8 AMFS 1341. AMPS PAflPC 1383. KPA 
9 QDISPG 3. WATTS ENGINE SPEED DISPCP 2.74 CI1 

1 0  QDISP 14. WATTS FREQ 31.3 HZ PISTCP 2.33 CM 
1 1  QREGl 101. WATTS PDYXCB 1250. KPA 
12 Q E G 2  121. WATTS PDLCLR 8.65 KPA 
13 QP.EG3 35. WATTS PDLXEG 61.43 KPA 
14 PFP 1011.9 KPA/CM PDLDIS104.87 KPA 15 PFD 271.3 KPA/rM 

T13REG****** DEG.C 
Tl4PZG 513.4 DEG.C 
T15PEG 390.1 CLG.C 
T16PEG 387.2 DEG.C 
T17PZG 378.5 DES.C 
T18PEG 363.7 DEG.C 
T19?EG 239.1 DEG.C 

T03h‘ED*’*Y+* DEG.C 

:29.52 RDG 1359 

16 NBEALE 0.60553--- 

NASA LEWIS SENSITIVITY 

FLUID HELIUM 

TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 09/26/84 1 3:52 

BARON 14.489 PSI REGENERATOR 1 DISPLACER 2 STANDARD PISTON 

HEAT TO DASHPOT COOLING 
FLODP 4 . 0 4  L/MIN 

TWINDP 18.8 DEG.C 
TDLDP 2.33 DEG.C 
T!a!ODPR 21.7 DEG.C 

POWER IN 
AMPSl 765. AMPS 
ANPS2 648. AMPS 
VOLTG 3.05 VOLTS 

ENGINE CHARGE PRESSURE GAS TEMPERATURES 
PRESUP 7172. KPA TGEXP 552.7 DEG.C 

SURFACE TEMPERATURES 
TOlHTR 602.9 DEG.C 
T02HTR 612.8 DEG.C 
T03HTR 615.7 DEG.C 
TO4HTR 604.7 0ZG.C 
TO5HTR 621.4 DEG.C 
T06HTR 611.1 DEG.C 
T07HTR 610.6 DEG.C 
TOdETi! 577.6 DEG.C 
TOIHTR 609.8 DEG.C 
TlOHTI? 587.0 DEG.C 
TllHT!? 570.0 DEG.C 
T12HTR 577.7 DEG.C 

MEANBP 7019. KPA TGREGH 548.5 DEG.C 
MEANCP 7072. KPA TGREGC 98.1 DEG.C 

TGCOtlP 56.8 DEG.C 
TGBOUN 34.0 DEG.C 

HEAT TO COOLER 
FLOCLR 4.22 L/MIN 
TEINCL 24.8 DEG.C 

CALCULATED PARAMETERS 
1 PWRIN 4315. WATTS 
2 QCOOLR 3040. WATTS 
3 QCSHPT 656. WATTS 

VIBRATION REMOTE CALCULATIONS 
PWROUT 928. WATTS VXlHOR 0.8 CM/S 

VYlVER10.3 CM/S INDPWR 945. WATTS 
PISTST 3.00 CM 

PHASE ANGLES DISPST 2.05 CM 
PADISP 78.0 DEG. 

TDLCL 10.38 DEG.C 
TWOCLR 34.04 DEG.C 

~~ 

4 EXTEFF 21.5 X 
5 TAVHTR 600.1 DEG.C 
6 INTEFF 23.4 X T13REG****** DEG.C 

T14REG 511.7 DEG.C 
T15REG 389.4 DEG.C 
T16REG 383.5 DEG.C 
Tl7REG 380.1 DEG.C 
T18REG 371.1 DEG.C 

PAPRES -10.0 DEG. DYNAMIC CALCULATIONS 
8 
9 

10 
11 
12 
13 
14 
15 
16 

AMTS 
QDISPG 
QDISP 
QREG1 
QREG2 
QREG3 
PFP 1 
PFD 
NBEALE 

1413. AMPS 
3. WATTS 

1 4 .  WATTS 
PAMPC 1506. KPA 

ENGINE SPEED DISPCP 2.82 CM 
FREQ 31.2 nz PISTCP 2.34 CM 

PDYNDB 1313. KPA 
PDLCLR 11.20 KPA 
PDLREG 69.58 KPA 

106. WATTS 
114. WATTS 
35. WATTS 

026.1 KPA/CM 
260.8 KPA/CM 
0.00550 

T ~ ~ R E G  zrto.3 DEG.C 

T03HED****** DEG.C PDLDIS117.77 KPA 
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INUED.  

ENGINE TEST D003, REC 09/26/84 13:58:08.52 RDG 1360 NAS; LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING 

FLUID HELIUM BARON 14.489 PSI REGENERATOR 1 DISPLACER 2 STANDARD PISTON 

HEAT TO DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES 
AMPS1 785. AMPS PRESU? 7033. K?A TGEXP 551.0 GEG.C FLODP 4 .  06 L/PlIN 
AMPS2 675. AMPS 
VOLTG 3.16 VOLTS MEANBP 6982. KPA TGREGH 547.3 CEG.C TWINDP 18.8 DEG.C 

TDLDP 2.74 DEG.C I1EAN‘:F 7038. KPA TG?,EGC 100.3 DZG. C 
TGCO:IP 60.3 DEG.C TWODPR 22.0 DEG.C TGBOUN 36.7 DEG.C 

SURFACE TEMPERATURES 
TOlHTP. 693.1 DEG.C 
T02HTR 612.7 DZG.C 
T03liTR 616.4 DZG.C 
TO4ilTR 603.8 DEG.C 
T051lT2 622.5 DEG.C 
T06HTR 612.2 D X . C  
T075TR 611.7 D2G.C 
TC8H’;R 575.9 CZS.C 
T09iiTR 610.3 CEG.C 
TlCfiTI? 585.6 PEG.C HEAT TO COOLER CALCULATED PARAMETERS 

1 PLIRIN 4609. WATTS 
2 QCOOLR 3285. I.!ATTS 
3 QDSHPT 774. WATTS 
4 EXTEFF 21.4 X 
5 TAVHTR 600.0 DEG.C 

VIBRATION 
VXlHOR 0.8 CM/S 
VYlVEP.11.0 C W S  

REROTE CALCULATIONS 
PL!P.3UT 987. WATTS T11HTR 559.1 DZG.C 

T12!1TR 576.1 DEG.C FLOCLR 4.22 L/MIN 
T!.III(CL 24.7 DEG.C 
TDLCL 11.22 DEG.C 

I Y D P I I R  10 0 0 . !!ATTS 
PISTST 3.21 CM 
DISPST 2.13 C t l  PHASE ANGLES 

PADIS? 77.9 DEG. 
PAPRES -9.2 DEG. 

TXOCLR 34.76 DEG.C 
DYNRMIC CALCULATIONS 

PJ.MPC 1609. KPA 
DISPCP 2.91 C:l  
PISTCP 2.36 C t l  
PDYHDB 1350. KPA 
PDLCLR 11.71 KPA 
PDLREG 77.04 KPA 

T 1 4 P . T G  511.8 DEG.C 
T15TEG 390.4 DEG.C 
T 1 6 P E G  383.8 D5G.C 
T17REG 380.3 DEG.C 
T18PEG 371.0 DZG.C 
T15REG 242.4 DEG.C 

6 INTEFF 23.1 Z 
8 AMPS 1460. AMPS 
9 QDISPG 3. WATTS 
10 QDISP 14. WATTS 
11 QEEGl 104. WRTTS 
12 QREG2 114. WATTS 
13 4REG3 35. WATTS 
14 PFP 1024.3 KPA/CM 
15 FFD 247.1 KPA/CM 
16 NBEALE 0.00552 

ENGINE SPEED 
FP.EQ 31.1 HZ 

T03HED****** DEG.C PDLDIS128.29 KPA 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 11/27/84 10:36:18.08 RDG 1548 

FLUID NITROGEN BARON 14.362 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON 

HEAT TO DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES 
FLODP 4.01 L/MIN AMPS1 477. AMPS PRESUP 7146. KPA TGEXP 569.6 DEG.C TOlHTR 600.9 DEG.C 

AMPS~ 373. AMPS T02HTP. 615.3 DEG.C 
VOLTG 1.88 VOLTS MEANBP 7003. KPA TGREGH 552.4 DEG.C T03HTR 601.6 DEG.C 

MEANCP 7041. KPA TGREGC 103.0 DEG.C T04HTR 619.8 DEG.C 
TGCOMP 35.5 DEG.C T05HTR 599.1 DEG.C 
TGBOUN 25.2 DEG.C T06HTR 602.4 DEG.C 

T07HTR 601.6 DEG.C 

TWINDP 19.7 DEG.C 
TDLDP 0.73 DEG.C 
TWODPR 20.6 DEG.C 

T08HTR 585.8 DEG.C 
TO9HTR 606.8 DEG.C 

HEAT TO COOLER 
FLOCLR 4.32 
TWINCL 25. 0 
TDLCL 4.76 
TWOCLR 28.40 

CALCULATED PARAMETERS 
LININ 1 PWRIN 1600. WATTS 
DEG . C 2 QCOOLR 1426. WATTS 
DEG . C 3 QDSHPT 203. WATTS 

VIBRATION 
VXlHOR 0 . 4  CM/S 
VYlVER 4.8 CM/S 

REMOTE CALCULATIONS TlOHTR 600.9 DEG.C 
TllliTR 582.9 DEG.C 
T12HTR 586.5 DEG.C 

PWROUT 180. WATTS 
INDPWR 194. WATTS 
PISTST 1.78 cn 

~~~ 

DEG . C 4 EXTEFF 
5 TAVHTR 
6 INTEFF 

11.3 2 
600.3 DEG.C 
11.2 z 
850. AMPS 

0. WATTS 

PHASE ANGLES 
PADISP 39.3 DEG. 
PAPRES -7.0 DEG. 

DISPST 1.19 CM 

DYNAMIC CALCULATIONS 
PARPC 753. KPA 
DISPCP 2.18 CM 

T13REG****** DFG.C 
T14REG 489.5 DEG.C 
T15REG 372.9 DEG.C 8 AMPS 

9 QDISPG 
10 QDISP 
11 QREG1 
12 QREG2 

ENGINE SPEED 
FREQ 27.9 HZ 

Tl6REG 384.9 DEG.C 
T17REG 385.7 DEG.C 
T18REG 369.5 D5G.C 

15. WATTS 
119. WATTS 
97. WATTS 

PISTCP 2.28 CY 
PDYNDB***””* KPA 
PDLCLR 8.49 KPA T19REG 223.2 DEG.C 

T03HED****** DEG.C 13 QREGS 35. WATTS 
14 PFP 965.8 KPA/CM 
15 PFD 245.8 KPA/CM 

PDLREG 40.73 KPA 
PDLDIS109.29 KPA 

16 NBEALE 0.00202 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 11/27/84 10:41:21.08 RDG 1549 

I FLUID NITROGEN BARON 14.357 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON 
ENGINE CHARGE PRESSURE 

PRESUP 7143. KPA 
GAS TEMPERATURES 
TGEXP 570.0 DEG.C 

TGREGH 552.4 DEG.C 
TGREGC 104.2 DEG.C 
TGCOMP 36.7 DEG.C 
TGBOUN 25.7 DEG.C 

1 HEAT TO DASHPOT COOLING 
FLODP 4 . 0 1  L/MIN 

POWER IN 
AMPS1 502. AMPS 
AMPS2 389. AMPS 
VOLTG 1.96 VOLTS 

SURFACE TEMPERATURES 
TOlHTR 600.6 DEG.C 
TOZHTR 615.5 DEG.C 

TWINDP 19.5 DEG.C 
TDLDP 0.83 DEG.C 
TWODPR 20.5 DEG.C 

MEANBP 7008. KPA 
MEANCP 7047. KPA 

TO3HTR 600.8 DEG.C 
T04HTR 619.1 DEG.C 
T05HTR 599.2 DEG.C 
T06HTR 
T07HT2 
T08HTR 
T09HTR 
TlOHTR 
TllHTR 
T12HTR 

602.7 DEG.C 
602.1 DEG.C 
584.5 DEG.C 
606.7 DZG.C 
598.5 DEG.C 
581.4 DEG.C 
586.3 DEG.C 

REMOTE CALCULATIONS 
PWROUT 212. WATTS HEAT TO COOLER 

FLOCLR 4.31 L/MIN 
CALCULATED PARAMETERS VIBRATION 

VXlHOR 0.5 CM/S 
VYlVER 5.4 CM/S 

1 PWRIN 1749. WATTS 
2 QCOOLR 1545. WATTS 
3 QDSHPT 232. WATTS 
4 EXTEFF 12.1 2 
5 TAVHTR 599.8 DEG.C 

INDPWR 228. WATTS 
PISTST 1.99 CM 
DISPST 1.29 CM 

TWINCL 25.0 DEG.C 
TDLCL 5.16 DEG.C 1 TWOCLR 28.78 DEG.C PHASE ANGLES 

PADISP 38.6 DEG. 
PAPRES -6.6 DEG. 

ENGINE SPEED 
FREQ 27.9 HZ 

T13REG****** DEG.C 
T14REG 492.6 DEG.C DYNAMIC CALCULATIONS 

PAKPC 837. KPA 
DISPCP 2.22 CM 
PISTCP 2.32 CM 
PDYNDB****** KPA 
PDLCLR 9.84 KPA 
PDLREG 46.16 KPA 
PDLDIS121.51 KPA 

6 INTEFF 12.1 x 
a AMPS 891. AMPS 
9 QDISPG 0. WATTS 

T152EG 376.7 DEG.C 
T16REG 386.5 DEG.C 
T17REG 386.5 DEG.C 10 QDISP 15. WATTS 

11 QREG1 116. WATTS 
12 QREG2 99. WATTS 
13 QREG3 35. WATTS 
14 PFP 958.7 KPA/CM 
15 PFD 238.3 KPA/CM 
16 NBEALE 0.00213 

T18REG 370.2 DEG.C 
T19REG 226.9 DEG.C 

T03HED****** DEG.C 
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NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 11/27/84 10:46:18.08 RDG 1550 

FLUID NITROGEN BAROM 14.357 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON 

HEAT TO DASHPOT COOLING 
FLODP 4.03 L/MIN 

POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES 
PRESUP 7157. KPA TGEXP 569.4 DEG.C SURFACE 

TO lHTR 
T02HTR 
T03HTR 
T04HTR 
T05HTR 
T06HTR 
T07HTR 
T08HTR 
T09tiTR 
TlOHTR 
TllHTR 
TlZHTR 

TEMPERATURES 601.3 DEG.C 

615.8 DEG.C 
601.5 DEG.C 

AMPSl 528. AMPS 
AMPS2 406. AMPS 
VOLTG 2.05 VOLTS TWINDP 19.3 DEG.C 

TDLDP 0.91 DEG.C 
' TWODPR 20.4 DEG.C 

MEANBP 7012. KPA TGREGH 553.1 DEG.C 
MEANCP 7052. KPA TGREGC 106.5 DEG.C 

TGCOMP 38.2 DEG.C 
TGBOUN 26.1 DEG.C 

618.7 DEG.C 

603.8 600.1 DEG.C DEG.C 
603.2 DEG.C 
584.4 DEG.C 
607.5 DEG.C 
597.6 DEG.C 
581.0 DEG.C 
585.4 DEG.C 

- HEAT TO COOLER 
FLOCLR 4.33 L/MIN 

CALCULATED PARAMETERS 
1 PWRIN 1916. WATTS 
2 QCOOLR 1714. WATTS 
3 QDSHPT 256. WATTS 
4 EXTEFF 12.5 % 
5 TAVHTR 600.0 DEG.C 
6 INTEFF 12.3 % 
8 AMPS 934. AMPS 
9 QDISPG 0. WATTS 

10 QDISP 15. WATTS 
1 1  QREGl 115. WATTS 
12 QREG2 100. WATTS 
13 QREG3 35. WATTS 
14 PFP 962.8 KPA/CM 
15 PFD 239.0 KPA/CM 
16 NBEALE 0.00219 

VIBRATION 
VXlHOR 0.5 CM/S 
VYlVER 6.1 CM/S 

REMOTE CALCULATIONS 
PWROUT 240. WATTS 
INDPWR 258. WATTS 

DISPST 1.39 CM 
PISTST 2.18 cn 

TWINCL 25.0 DEGTC 
TDLCL 5.70 DEG.C 
TWOCLR 29.17 DEG.C PHASE ANGLES 

PADISP 37.9 DEG. 
PAPRES -6.3 DEG. 

T13REG****** DEG.C 
T14REG 494.9 DEG.C 
T15REG 380.4 DEG.C 
T16REG 389.0 DEG.C 
T17REG 389.0 DEG.C 
Tl8REG 372.2 DEG.C 
T19REG 230.5 DEG.C 

TO3HED****** DEG.C 

DYNAMIC CALCULATIONS 
PAMPC 925. KPA 
DISPCP 2 . 3 1  f!M ENGINE SPEED 

FREQ 27.9 HZ 
- . - - - . . 

PISTCP 2.40 cn 
PDYNDB****** KPA 
PDLCLR 11.54 KPA 
PDLREG 52.27 KPA 
PDLDIS134.06 KPA 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 11/27/84 10:51:18.08 RDG 1551 

FLUID NITROGEN BAROM 14.357 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON 

HEAT TO DASHPOT COOLING POWER IN 
FLODP 4.01 L/MIN AMPSl 546. AMPS 

ENGINE CHARGE PRESSURE GAS TEMPERATURES 
PRESUP 7160. KPA TGEXP 568.4 DEG.C 

SURFACE TEMPERATURES 
TOlHTR 601.8 DEG.C 
T02HTR 615.0 DEG.C AMPS2 422. AMPS 

TWINDP 19.2 DEG.C VOLTG 2.13 VOLTS 
TDLDP 0.99 DEG.C 
TWODPR 20.4 DEG.C 

MEANBP 7010. KPA TGREGH 552.9 DEG.C 
MEANCP 7049. KPA TGREGC 108.3 DEG.C 

TGCOMP 39.6 DEG.C 
TGBOUN 26.6 DEG.C 

T03HTR 602.6 DEG.C 
T04HTR 617.5 DEG.C 
T05HTR 601.1 DEG.C 
T06HTR 603.6 DEG.C 
T07HTR 603.0 DEG.C 
T08HTR 584.4 DEG.C 
TO9HTR 607.4 DEG.C 
TlOHTR 597.0 DEG.C 
TllHTR 580.0 DEG.C 
T12HTR 584.0 DEG.C 

HEAT TO COOLER 
FLOCLR 4.34 L/MIN 
TWINCL 25.1 DEG.C 

CALCULATED PARAMETERS 
PWRIN 2061. WATTS 

QDSHPT 277. WATTS 
EXTEFF 13.0 Z 

QCOOLR 1781. WATTS 
VIBRATION 
VXlHOR 0.6 CM/S 
VYlVER 6 . 8  CM/S 

REMOTE CALCULATIONS 1 
2 
3 

PWROUT 268. -iAT?S 
INDPWR 289. WATTS 
PISTST 2.38 cn TDLCL 5.92 DEG.C 

TWOCLR 29.56 DEG.C 4 
5 
6 
8 
9 

10 

PHASE ANGLES 
PADISP 37.4 DEG. 
PAPRES -6.0 DEG. 

ENGINE SPEED 
FREQ 28.0 HZ 

DISPST 1.48 cn 
DYNAMIC CALCULATIONS 

PAMPC 1009. KPA 
DISPCP 2.37 CM 
PISTCP 2.42 CM 
PDYNDB****** KPA 
PDLCLR 12.90 KPA 
PDLREG 57.02 KPA 
PDLDIS140.51 KPA 

TAVHTR 
INTEFF 
AMPS 
QDISPG 
QDISP 

599.8 DEG.C 
13.1 % 
968. AMPS 

0. WATTS 
15. WATTS 

114. WATTS 

T13REG****** DEG.C 
T14REG 496.1 DEG.C 
T15REG 382.5 DEG.C 
T16REG 390.0 DEG:C 
T17REG 390.3 DEG.C 
T18REG 374.1 DEG.C 
T19REG 233.1 DEG.C 

11 
12 
13 

QREGl 
QREG2 
QREG3 
PFP 
PFD 
NBEALE 

99. WATTS 
34. WATTS 

957.7 KPA/CM 1 4  
15 
16 

T03HED****** DEG.C 
232.4 KPA/Cfl 
0 . 0 0 2 2 4  

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 11/27/84 10:56:18.08 RDG 1552 

FLUID NITROGEN BAROM 14.357 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON 

HEAT TO DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES 
FLODP 4.00 L/MIN AMPSl 565. AMPS PRESUP 7160. KPA TGEXP 566.9 DEG.C TOlHTR 602.2 DEG.C 

AMPS2 437. AMPS T02HTR 615.1 DEG.C 
TWINDP 19.2 DEG.C VOLTG 2.20 VOLTS MEANBP 7010. KPA TGREGH 552.1 DEG.C T03HTR 604.1 DEG.C 
TDLDP 1.10 DEG.C MEANCP 7058. KPA TGREGC 109.5 DEG.C T04HTR 616.8 DEG.C 
TblODPR 20.4 DEG.C TGCOMP 40.9 DEG.C T05HTR 602.7 DEG.C 

TGBOUN 27.3 DEG.C T06HTR 604.2 DEG.C 
T07HTR 603.7 DEG.C 
T08HTR 584.2 DEG.C 
T09HTR 607.4 DEG.C 

REMOTE CALCULATIONS TlOHTR 596.9 DEG.C 
PWROUT 292. WATTS TllHTR 579.0 DEG.C 
INDPWR 314. blATTS TlZHTR 583.9 DEG.C 

DISPST 1.56 CM 
PISTST 2.56 cn 

HEAT TO COOLER 
1 
CALCULATED PARAMETERS 
PWRIN 2210. WATTS 
QCOOLR 1948. WATTS 
QDSHPT 306. WATTS 
EXTEFF 13.2 X 

VIBRATION 
VXlHOR 0.6 CM/S 
VYIVER 7.5 cn/s 

FLOCLR 4.35 L/MIN 
TNINCL 25.2 DEG.C 
TDLCL 6.46 DEG.C 
TWOCLR 29.99 DEG.C 

2 
3 

PHASE ANGLES 
PADISP 36.5 DEG. 
PAPRES -5.5 DEG. 

TAVHTR 600.0 DEG.C 
INTEFF 13.0 X 
AMPS 1002. AMPS 
QDISPG 0. WATTS 

1 0  QDISP 15. WATTS 
11 QREGl 112. WATTS 
12 QREG2 99. WATTS 
13 QREG3 34. WATTS 

T13REG****** 
T14REG 497.4 
T15REG 385.4 
T16REG 391.0 
T17REG 391.1 
T18REG 375.3 
T19REG 236.7 

DEG . C 
DEG . C 
DEG.C 
DEG . C 
DEG . C 
DEG. C 
DEG . C 
DEG . C 

DYNAMIC CALCULATIONS 
PAMPC 1102. KPA 
DISPCP 2.47 cn 
PISTCP 2.41 cn 
PDYNDB****** KPA 
PDLCLR 14.93 KPA 
PDLREG 61.09 KPA 
PDLDIS154.77 KPA 

ENGINE SPEED 
FREQ 28.0 HZ 

1 4  PFP 967.5 KPA/CM 
15 PFD 226.5 KPA/CM 
16 NBEALE 0.00226 

T03HED****** 
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APPENDIX  C .  - CONTINUED 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 12/07/84 10:54:18.64 RDG 1604 

FLUID HELIUM BARON 14.386 PSI REGENERATOR 1 DISPLACER 1 LIGHT PISTON 

HEAT TO DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES 
FLODP 4.58 L/MIN AMPSl 531. AMPS PRESUP 7243. KPA TGEXP 568.2 DEG.C TOlHTR 599.2 DEG.C 

AMPS2 399. AMPS T02HTR 609.4 DEG.C 
TWINDP 20.6 DEG.C VOLTG 2.05 VOLTS MEANBP 6994. KPA TGREGH 565.8 DEG.C T03HTR 606.0 DEG.C 
TDLDP 1.22 DEG.C MEANCP 7024. KPA TGREGC 92.5 DEG.C T04HTR 608.2 DEG.C 
TWODPR 21.7 DEG.C TGCOMP 36.2 DEG.C T05HTR 609.2 DEG.C 

TGBOUN 27.3 DEG.C TO6HTR 608.3 DEG.C 
T07HTR 607.5 DEG.C 
TO8HTR 581.7 DEG.C 

HEAT TO COOLER CALCULATED PARAMETERS 
1 PWRIN 1902. WATTS 
2 QCOOLR 1779. WATTS 
3 PDSHPT 387. WATTS 
4 EXTEFF 16.5 2 
5 TAVHTR 599.1 DEG.C 
6 INTEFF 15.0 2 
8 AMPS 930. AMPS 
9 QDISPG 3. WATTS 

10 QDISP 15. WATTS 
11 QREGl 120. WATTS 
12 QREG2 116. WATTS 
13 QREG3 37. WATTS 
14 PFP 980.4 KPA/CM 
15 PFD 277.1 KPA/CM 
16 NBEALE 0.00268 

VIBRATION 
VXlHOR 0 . 4  
VYlVER 4.1 

PHASE ANGLES 
PADISP 4 0 .  
PAPRES -10. 

ENGINE SPEED 
FREQ 36. 

TO9HTR 609.0 
REMOTE CALCULATIONS TlOHTR 586.6 

PWROUT 315. WATTS TllHTR 582.4 
INDPWR 327. WATTS T12HTR 581.5 
PISTST 1.78 CM 

DEG.C 
DEG . C 
DEG. C 
DEG . C 

DEG . C 
DEG . C 
DEG . C 
DEG . C 
DEG . C 
DEG . C 
DEG . C 
DEG . C 

FLOCLR 4.20 
TWINCL 24.6 
TDLCL 6.10 
TWOCLR 28.53 

L/MIN 
DEG . C 
DEG . C 
DEG . C 

CM/S 
CM/S 

8 DEG. 
1 DEG. 

8 HZ 

DISPST 1.42 CM 
T13REG****** 
T14REG 519.1 
T15REG 387.9 
T16REG 394.2 

DYNAMIC CALCULATIONS 
PAMPC 733. KPA 
DISPCP 2.05 CM 
PISTCP 2.30 CM 
PDYNDB****** KPA 
PDLCLR 2.21 KPA 
PDLREG 24.44 KPA 
PDLDIS 48.19 KPA 

T17REG 391.1 
Tl8REG 375.7 
T19REG 227.8 

T03HED****** 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 12/07/84 11:00:27.64 RDG 1605 

FLUID HELIUM BARON 14.386 PSI REGENERATOR 1 DISPLACER 1 LIGHT PISTON 

HEAT TO DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES 
FLODP 4.54 L/MIN AMPSl 574. AMPS PRESUP 7312. KPA TGEXP 565.5 DEG.C 

SURFACE TEMPERATURES 
TOlHTR 600.4 DEG.C 
TOZHTR 608.3 DEG.C A M P S ~  423. AMPS 

TWINDP 20.1 DEG.C VOLTG 2.20 VOLTS 
TDLDP 1.38 DEG.C 
TWODPR 21.4 DEG.C 

MEANBP 7009. KPA TGREGH 565.7 DEG.C TO3HTR 607.8 DEG.C 
MEANCP 7045. KPA TGREGC 96.4 DEG.C T04HTR 608.0 DEG.C 

TGCOMP 38.4 DEG.C T05HTR 611.3 DEG.C 
TGBOUN 28.3 DEG.C T06HTR 609.0 DEG.C 

T07HTR 608.3 DEG.C 
TO8HTR 581.6 DEG.C 
T09HTR 610.9 DEG.C 
TlOHTR 584.8 DEG.C VIBRATION 

VXlHOR 0 . 4  CM/S 
VYlVER 4.6 CM/S 

HEAT TO COOLER 
FLOCLR 4.23 
TWINCL 25.2 
TDLCL 6.67 
TWOCLR 29.74 

LININ 
DEG . C 
DEG . C 
DEG . C 

1 
2 
3 
4 
5 
6 
8 
9 

10 
11 
12 
13 
14 
15 
16 

CALCULATED PARAMETERS 
PWRIN 2189. WATTS 
QCOOLR 1957. WATTS 
QDSHPT 436. WATTS 
EXTEFF 17.4 2 
TAVHTR 599.3 DEG.C 
INTEFF 16.3 2 
AMPS 997. AMPS 
QDISPG 3. WATTS 
QDISP 15. WATTS 
QREG1 119. WATTS 
QREG2 114. WATTS 
QREG3 36. WATTS 
PFP 989.2 KPA/CM 
PFD 273.5 KPA/CM 
NBEALE 0.00287 

REMOTE CALCULATIONS 
PWROUT 381. -WATTS 
INDPWR 392. WATTS 
PISTST 1.99 CM 

TllHTR 581.9 DEG.C 
T12HTR 579.0 DEG.C 

PHASE ANGLES 
PADISP 4 0 . 4  DEG. 
PAPRES -9.4 DEG. 

DISPST 1.54 CM 
T13REG****** DEG.C 

DYNAMIC CALCULATIONS 
PAMPC 837. KPA 
DISPCP 2.16 CM 

T14REG 520.7 DEG.C 
T15REG 393.0 DEG.C 
T16REG 399.2 DEG.C 
T17REG 395.0 DEG.C 
T18REG 380.8 DEG.C 
T19REG 234.1 DEG.C 

ENGINE SPEED 
FREQ 37.0 HZ PISTCP 2.37 CM 

PDYNDB****** KPA 
PDLCLR 3.05 KPA 
PDLREG 29.19 KPA 
PDLDIS 57.70 KPA T03HED****** DEG.C 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 12/07/84 11:04:30.64 RDG 1606 

FLUID HELIUM BARON 14.381 PSI REGENERATOR 1 DISPLACER 1 LIGHT PISTON 

HEAT TO DASHPOT COOLING POWER IN 
FLODP 4.50 L/MIN AMPSl 599. AMPS 

AMPS2 448. AMPS 
TWINDP 19.7 DEG.C VOLTG 2.30 VOLTS 
TDLDP 1.57 DEG.C 
TWODPR 21.2 DEG.C 

ENGINE CHARGE PRESSURE 
PRESUP 7318. KPA 

MEANBP 6998. KPA 
MEANCP 7035. KPA 

GAS TEMPERATURES SURFACE TEMPERATURES 
TGEXP 563.8 DEG.C TOlHTR 604.0 DEG.C 

T02HTR 607.5 DEG.C 
TGREGH 567.7 DEG.C T03HTR 610.3 DEG.C 
TGREGC 98.2 DEG.C T04HTR 608.3 DEG.C 
TGCOMP 40.2 DEG.C T05HTR 613.3 DEG.C 
TGBOUN 29.1 DEG.C T06HTR 609.6 DEG.C 

T07HTR 608.9 DEG.C 
TOBHTR 584.1 DEG.C 
TO9HTR 613.5 DEG.C 

REMOTE CALCULATIONS TlOHTR 584.4 DEG.C 
PWROUT 424. WATTS TllHTR 583.4 DEG.C 

HEAT TO COOLER 
FLOCLR 4.24 L/MIN 
TWINCL 25.3 DEG.C 
TDLCL 7.41 DEG.C 
TWOCLR 30.29 DEG.C 

CALCULATED PARAMETERS 
1 PWRIN 2411. WATTS 
2 QCOOLR 2182. WATTS 
3 QDSHPT 490. WATTS 
4 EXTEFF 17.6 2 
5 TAVHTR 600.3 DEG.C 
6 INTEFF 16.3 X 

VIBRATION 
VXlHOR 0 . 4  CM/S 
VYlVER 5.0 CM/S 

PHASE ANGLES 
PADISP 40.2 DEG. 
PAPRES -9.1 DEG. 

INDPWR 432. WATTS 
PISTST 2.16 CM 
DISPST 1.64 CM 

T12HTR 576.9 DEG.C 

T13REG****** 
T14REG 521.0 
Tl5REG 394.3 
T16REG 401.6 
T17REG 4 0 0 . 4  
T18REG 386.0 
T19REG 236.3 

DEG . C 
DEG. C 
DEG . C 
DEG . C 
DEG. C 
DEG . C 
DEG . C 

DYNAMIC CALCULATIONS 
PAMPC 925. KPA 
DISPCP 2.23 CM 
PISTCP 2.36 CM 
PDYNDB****** KPA 
PDLCLR 3.39 KPA 
PDLREG 31.90 KPA 

8 AMPS 1047. AMPS 
9 QDISPG 3 .  WATTS ENGINE SPEED 

FREQ 37.0 HZ 10 QDISP 15. WATTS 
11 PREG1 121. WATTS 
12 QREG2 109. WATTS 
13 QREG3 36. WATTS 
14 PFP 1003.4 KPA/CM 
15 PFD 275.1 KPA/CM 
16 NBEALE 0.00294 

PDLDIS 62.45 KPA T03HEP****** DEG.C 
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APPENDIX C. - CONTINUED.  

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 12/07/84 11:09:27.64 RDG 1607 

FLUID HELIUM BARON 14.381 PSI REGENERATOR 1 DISPLACER 1 LIGHT PISTON 

HEAT TO DASHPOT COOLING 
FLODP 4.33 L/MIN 

POWER IN 
AMPSl 632. AMPS 
AMPS2 480. AMPS 
VOLTG 2.45 VOLTS 

ENGINE CHARGE PRESSURE 
PRESUP 7309. KPA 

GAS TEMPERATURES 
TGEXP 561.1 DEG.C 

TGREGH 567.0 DEG.C 
TGREGC 100.5 DEG.C 
TGCOMP 42.8 DEG.C 
TGBOUN 29.7 DEG.C 

SURFACE 
TOlHTR 
T02HTR 
T03HTR 
T04HTR 
T05HTR 
T06HTR 
T07HTR 
T08HTR 
TO 9HTR 
TlOHTR 
TllHTR 
Tl2HTR 

TEMPERATURES 
605.5 DEG.C 
606.9 DEG.C 
612.8 DEG.C 
607.3 DEG.C 
615.8 DEG.C 
610.6 DEG.C 
609.8 DEG.C 
524.3 DEG.C 
614.4 DEG.C 
583.7 DEG.C 
582.5 DEG.C 
575.3 DEG.C 

TWINDP 19.4 DEG.C 
TDLDP 1.81 DEG.C . TWODPR 21.2 DEG.C 

MEANBP 6991. KPA 
MEANCP 7031. KPA 

HEAT TO COOLER CALCULATED PARAMETERS 
" FLOCLR 4.26 L/MIN 1 PWRIN 2721. WATTS 

TWINCL 25.4 DEG.C 2 QCOOLR 2338. WATTS 
TDLCL 7.91 DEG.C 3 QDSHPT 546. WATTS 
TWOCLR 31.12 DEG.C 4 EXTEFF 18.3 X 

5 TAVHTR 600.7 DEG.C 
6 INTEFF 17.5 2 

VIBRATION 
VXlHOR 0 . 4  CM/S 
VYlVER 6.0 CM/S 

REMOTE CALCULATIONS 
PWROUT 498. WATTS 
INDPWR 504. WATTS 
PISTST 2.39 CM 
DISPST 1.78 CM PHASE ANGLES 

PADISP 40.5 DEG. 
PAPRES -8.7 DEG. 

T13REG****** DEG.C 
T14REG 521.6 DEG.C 
T15REG 395.8 DEG.C 
T16REG 401.9 DEG.C 
T17REG 401.2 DEG.C 
T18REG 328.8 DEG.C 
T19REG 239.4 DEG.C 

DYNAMIC CALCULATIONS 
PAMPC 1024. KPA 
DISPCP 2.27 CM 
PISTCP 2.39 CM 
PDYNDB****** KPA 

8 
9 

10 
11 
12 
13 
14 
15 
16 

AMPS 
QDISPG 
QDISP 
QREGl 
QREG2 
QREG3 
PFP 
PFD 
NBEALE 

ii12T 
3. 

15. 
121. 
108. 
36. 

997.3 
267.4 
0.003 

AMPS 
WATTS 
WATTS 
WATTS 
WATTS 
WATTS 
KPA/CM 
KPA/CM 
12 

ENGINE SPEED 
FREQ 37.1 HZ 

PDLCLR 3.90 KPA 
PDLREG 36.66 KPA 
PDLDIS 71.27 KPA T03HED****** DEG.C 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 12/07/84 14:42:20.19 RDG 1608 

FLUID HELIUM BARON 14.322 PSI REGENERATOR 1 DISPLACER 1 LIGHT PISTON 

ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES HEAT TO DASHPOT COOLING POWER IN 

FLODP 4.12 L/MIN AMPSl 653. AMPS PRESUP 7070. KPA TGEXP 558.4 DEG.C TOlHTR 606.1 DEG.C 
AMPS2 517. AMPS TO2HTR 606.3 DEG.C 

DEG . C VOLTG 2.58 VOLTS MEANBP 7016. KPA TGREGH 566.1 DEG.C T03HTR 614.3 DEG.C 
DEG . C MEANCP 7063. KPA TGREGC 102.3 DEG.C T04HTR 606.5 DEG.C 
DEG . C TGCOMP 46.1 DEG.C TOSHTR 617.5 DEG.C 

TGBOUN 32.6 DEG.C TO6HTR 611.5 DEG.C 
T07HTX 610.5 DFG II 

TWINDP 18.0 
TDLDP 2.44 
TWODPR 20.5 

CALCULATED PARAMETERS 
PWRIN 3018. WATTS 
QCOOLR 2618. WATTS 
QDSHPT 701. WATTS 
EXTEFF 19.0 2 

TOBHTR 584;0 
TO9HTR 615.3 

REMOTE CALCULATIONS TlOHTR 582.2 
PWROUT 572. WATTS TllHTR 581.7 
INDPWR 571. WATTS Tl2HTR 573.3 
PISTST 2.56 CM 
DISPST 1.90 CM 

- 
DEG . C 
DEG . C 
DEG . C 
DEG.C 
DEG . C 

DEG . C 
DEG . C 
DEG . C 
DEG . C 
DEG . C 
DEG . C 
DEG . C 
DEG . C 

HEAT TO COOLER 
FLOCLR 4.26 
TWINCL 25.3 
TDLCL 8.86 
TWOCLR 31.88 

VIBRATION 
VXlHOR 0 . 4  
VYlVER 6.0 

PHASE ANGLES 
PADISP 41. 
PAPRES - 8 .  

ENGINE SPEED 
FREQ 37. 

L/MIN 
DEG . C 
DEG . C 
DEG . C 

1 
2 
3 
4 
5 
6 
8 
9 

10 
11 
12 
13 
14 
15 
16 

CM/S 
CM/S 

6 DEG. 
1 DEG. 

4 HZ 

TAVHTR 600;s DEG.C 
INTEFF 17.9 X 
AMPS 1170. AMPS 
QDISPG 3. WATTS 
QDISP 15. WATTS 
QREGl 119. WATTS 
QREG2 107. WATTS 
QREG3 36. WATTS 
PFP 987.2 KPA/CM 
PFD 245.5 KPA/CM 
NBEALE 0.00331 

T13REG****** 
DYNAMIC CALCULATIONS 

PAMPC 1102. KPA 
DISPCP 2.28 CM 
PiSTCP 2.37 CM 
PDYNDB****** KPA 
PDLCLR 4.41 KPA 
PDLREG 40.05 KPA 
PDLDIS 75.69 KPA 

T14REG 522.1 
T15REG 398.0 
T16REG 402.5 
T17REG 402.6 
Tl8REG 390.7 
T19REG 243.5 

T03HED****** 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 12/07/84 14:47:50.19 RDG 1609 

FLUID HELIUM BARON 14.317 PSI REGENERATOR 1 DISPLACER 1 LIGHT PISTON 

HEAT TO DASHPOT COOLING POWER IN 
FLODP 4.11 L/MIN AMPSl 685. AMPS 

ENGINE CHARGE PRESSURE 
PRESUP 7072. KPA 

GAS TEMPERATURES 
TGEXP 555.2 DEG.C 

SURFACE TEMPERATURES 
TOlHTR 606.3 DEG.C 
T02HTR 606.0 DEG.C 
T03HTR 615.3 DEG.C 
T04HTR 605.2 DEG.C 
T05HTR 619.0 DEG.C 
T06HTR 612.0 DEG.C 
T07HTR 611.2 DEG.C 
T08HTR 583.1 DEG.C 
TO9HTR 615.3 DEG.C 
TlOHTR 580.5 DEG.C 
TllHTR 579.8 DEG.C 
Tl2HTR 571.8 DEG.C 

AMPS2 546. AMPS 
TWINDP 18.0 DEG.C VOLTG 2.71 VOLTS 
TDLDP 2.62 DEG.C 
TWODPR 20.6 DEG.C 

MEANBP 7017. KPA TGREGH 563.8 DEG.C 
MEANCP 7068. KPA TGREGC 104.2 DEG.C 

TGCOMP 48.4 DEG.C 
TGBOUN 33.2 DEG.C 

HEAT TO COOLER CALCULATED PARAMETERS 
FLOCLR 4.26 L/MIN 1 PWRIN 3342. WATTS 
TWINCL 25.3 DEG.C 2 QCOOLR 2826. WATTS 
TDLCL 9.57 DEG.C 3 QDSHPT 749. WATTS 
TWOCLR 32.66 DEG.C 4 EXTEFF 19.1 Z 

VIBRATION 
VXlHOR 0 . 4  CM/S 
VYlVER 6.5 CM/S 

REMOTE CALCULATIONS 
PWROUT 639. WATTS 
INDPWR 633. WATTS 
PISTST 2.77 CM 
DISPST 2.00 CM 

DYNAMIC CALCULATIONS 
PAMPC 1201. KPA 
DISPCP 2.34 CM 
PISTCP 2.37 CM 

PHASE ANGLES 
PADISP 42.0 DEG. 
PAPRES -7.6 DEG. 

5 TAVHTR 600.5 DEG.C 
6 INTEFF 18.4 2 

T13REG****** DEG.C 
Tl4REG 521.9 DEG.C 
Tl5REG 399.0 DEG.C 
T16REG 401.8 DEG.C 
T17REG 402.7 DEG.C 
T18REG 391.1 DEG.C 
T19REG 245.7 DEG.C 

T03HED****** DEG.C 

8 AMPS i2ji. AMPS 
9 QDISPG 3. WATTS 

10 QDISP 14. WATTS 
11 QREG1 118. WATTS 
12 QREG2 106. WATTS 
13 QREG3 36. WATTS 
14 PFP 987.4 KPA/CM 
15 PFD 238.4 KPA/CM 
16 NBEALE 0.00341 

ENGINE SPEED 
FREQ 37.6 HZ 

PDYNDB****** KPA 
PDLCLR 5.26 KPA 
PDLREG 44.12 KPA 
PDLDIS 82.47 KPA 
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APPENDIX C. - CONCLUDED. 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 12/07/84 14:52:20.19 RDG 1610 

FLUID HELIUM BARON 14.317 PSI REGENERATOR 1 DISPLACER 1 LIGHT PISTON 

HEAT TO DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES 
FLODP 4.10 LININ AMPS1 7 1 4 .  AMPS PRESUP 7077. KPA TGEXP 552.3 DEG.C 

TWINDP 18.0 DEG.C VOLTG 2.84 VOLTS MEANBP 7018. KPA TGREGH 561.9 DEG.C 
TDLDP 2.88 DEG.C MEANCP 7075. KPA TGREGC 105.4 DEG.C 
TWODPR 20.8 DEG.C TGCOMP 51.3 DEG.C 

TGBOUN 33.9 DEG.C 

AMPS2 574. AMPS 

HEAT TO COOLER CALCULATED PARAMETERS 
FLOCLR 4.27 L/MIN 1 PWRIN 3664. WATTS 
TWINCL 25.3 DEG.C 2 QCOOLR 3090. WATTS 
TDLCL 10.44 DEG.C 3 QDSHPT 823. WATTS 
TWOCLR 33.54 DEG.C 4 EXTEFF 19.2 X 

5 TAVHTR 600.6 DEG.C 
6 INTEFF 18.6 X 
8 AMPS 1289. AMPS 
9 QDISPG 3. WATTS 

1 0  QDISP 14. WATTS 
11 QREGl 117. WATTS 
12 QREG2 106. WATTS 
13 QREG3 35. WATTS 
14 PFP 992.5 KPA/CM 
15 PFD 230.9 KPA/CM 
16 NBEALE 0.00347 

VIBRATION 
VXlHOR 0 . 4  CM/S 
VYZVER 7.0 CM/S 

PHASE ANGLES 
PADISP 42.4 DEG. 
PAPRES -7.2 DEG. 

ENGINE SPEED 
FREQ 37.7 HZ 

REMOTE CALCULATIONS 
PWROUT 705. WATTS 
INDPWR 691. WATTS 
PISTST 2.99 CM 
DISPST 2.10 CM 

DYNAMIC CALCULATIONS 
PAMPC 1314. KPA 
DISPCP 2.33 CM 
PISTCP 2.34 CM 
PDYNDB****** KPA 
PDLCLR 6.45 KPA 
PDLREG 48.19 KPA 
PDLDIS 89.60 KPA 

SURFACE TEMPERATURES 
TOlHTR 607.1 DEG.C 
T02HTR 605.6 DEG.C 
T03HTR 617.6 DEG.C 
T04HTR 603.8 DEG.C 
T05HTR 621.5 DEG.C 
T06HTR 612.5 DEG.C 
T07HTR 611.9 DEG.C 
T08HTR 582.9 DEG.C 
T09HTR 615.1 DEG.C 
TlOHTR 580.3 DEG.C 
TllHTR 578.2 DEG.C 
T12HTR 570.8 DEG.C 

T13REG****** DEG.C 
Tl4REG 521.6 DEG.C 
Tl5REG 398.3 DEG.C 
T16REG 398.9 DEG.C 
T17REG 401.3 DEG.C 
Tl8REG 391.4 DEG.C 
T19REG 246.8 DEG.C 

T03HED****** DEG.C 

ORIGINAL PAGE IS 
OF POOR QUALtTV 
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APPENDIX  D 

Other Data P o i n t s  o f  I n t e r e s t  

By t h e  d e f i n i t i o n  o f  t h e  SVDS and t h e  DVDS, d a t a  p o i n t s  w i t h  b o t h  t h e  h t g h  
power regenera to r  and t h e  h i g h  power d i s p l a c e r  were e l i m i n a t e d .  S ince these 
d a t a  p o i n t s  may be o f  g r e a t  i n t e r e s t  f o r  computer code v a l i d a t i o n ,  t hey  were 
presented i n  t h i s  appendix.  A l though a l l  o f  t h e  d a t a  p o i n t s  a r e  a v a i l a b l e  on 
a m i c r o f i c h e  ca rd  t h a t  may be ob ta ined  f r o m  NASA Lewis, i t  was f e l t  t h a t  i t  
would be e a s i e r  t o  access t h e  da ta  f rom an appendix. 

The 69 da ta  p o i n t s  i n c l u d e d  i n  t h i s  appendix a r e  those t h a t  have any 
combinat ion o f  two o f  t h e  f o l l o w i n g  t h r e e  s e t  c o n d i t i o n s :  7.0 MPa p ressu re  
25 "C c o o l e r  temperature,  and 600 "C h e a t e r  temperature.  I f  viewed f rom t h e  
fo rma t  o f  f i g u r e  27, these i n c l u d e  t h e  row o f  25 O C  and 7.0 MPa, 25 "C ,  and 
600 "C,  and a l s o  t h e  p a i r  o f  600 O C  and 7.0 MPa. 
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APPENDIX  0 .  - OTHER DATA P O I N T S  OF I N T E R E S T .  

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 12/21/83 15:42:22.48 RDG 774 

FLUID HELIUM BAROM 14.411 PSI REGENESATOR 2 DISPLACER 2 STANDARD PISTON 

HEAT TO DASHPOT COOLING POI.!ER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES 
FLODP 4.02 L/ElIN ' AEPSl 634. AMPS PRESUP 7345. KPA TGEXP 563.9 DEG.C TOlHTP. 599.0 DEG.C 

RM?:;2 499. AMPS T02HTR 609.0 DEG.C 
TWINDP 17.0 DEG.C VOLTG 2.50 VOLTS MEANBP 6998. KPA TGREGH 542.4 DEG.C T03HTR 606.6 DEG.C 
TDLDP 2.06 D 3 . C  MZANCP 7049. KPA TGP.EGC 115.9 DEG.C T04HTR 597.5 DEG.C 
TC!ODPR 19.9 DEG.C TGCOIIP 68.4 DSG.C T05HTR 596.7 DEG.C 

TG30UN 44.1 DEG.C T06HTR 600.7 DEG.C 
T07HTR 572.7 DEG.C 
TO8HTR 605.0 DEG.C 
T09tiTR 610.4 DEG.C 

HEAT TC COOLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS T1OHT.S 597.6 DEG.C 
FLOCLR 3.94 L/MIN 1 PL.!PIN 2831. WATTS VXlHOR 0.2 CM/S PWROUT 606. b!ATTS TllHTi? 596.0 DEG.C 
TMINCL 53.7 DEG.C 2 QCOOLR 1783. WATTS VYlVER 6.5 CM/S 1NDPI.JP. 644. WATTS T12HTP. 604.5 DES.C 
TDLCL 6.59 DEG.C 3 QCSWT 577. WATTS PISTST 1.81 CM 
T!,!OCLR 58.57 DEG . C 4 FXTEFF 21.4 Z PHASE ANGLES DISPST 1.80 CM 

5 TAVHTR 599.6 DEG. C PADISP 84.4 DEG. T13REG 548.3 DEG.C 
6 INTEFF 25.4 % PAPRES -17.5 DEG. DYNAMIC CALCULATIONS T14REG 510.8 DEG.C 

9 QDISPG 3. blATTS ENGINE SPEED DISPCP 2.54 Cil T16RF,G*Yf*** DEG.C 
10 QDISP 14. WATTS FREQ 32.4 HZ PISTCP 2.38 C11 T17RZG 369.5 DEG.C 
11 QREG1 101. WATTS PDYlfDB 1138. KPA T18REG 371.4 DEG.C 
12 Q25G2 113. WATTS P DLC L?l* f ** * * I< P A Tl.9REG 247.4 DEG.C 
13 QREG3 33. GIATTS PDLEEG****** KPA 
14 PFP 995.8 KPA/CM PDLDIS****** KPA T03HED****** DEG.C 
15 PFD 306.5 KPP./CM 
16 NBEALE 0.00576 

8 >.M?S 1133. AMPS PATIPC 915. KPA T ~ ~ R E G  385.7 DEG.C 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, P.EC 12/21/83 15:48:10.48 RDG 775 

FLUID HELIUM BASOM 14.416 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON 

HEAT TO DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES 
FLODP 4 . 0 0  L/MIN AMPSl 668. AMPS PRESUP 7249. KPA TGEXP 561.9 DEG.C 

TbIINDP 17.1 DEG.C VOLTG 2.63 VOLTS MEANBP 6996. KPA TGREGH 540.6 DEG.C 
TDLDP 2.18 DEG.C MEANCP 7052. KPA TGREGC 118.4 DEG.C 
TWODPR 19.9 DEG.C TGCOWP 71.4 DEG.C 

TGBOUN 43.5 DEG.C 

AKPS2 527. AMPS 

HEAT TO COOLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS 
FLOCLR 3.99 L/MIN 1 PGIRIN 3148. WATTS VXlHOR 0.2 CM/S PWROUT 684. WATTS 
TWINCL 54.5 DEG.C 2 QCOOLR 1781. WATTS VYlVER 7.1 CM/S INDPWR 729. WATTS 
TDLCL 6.49 DEG.C 3 QDSHPT 608. WATTS PISTST 2.00 Cil 
TWOCLR 59.87 DZG.C 4 EXTEFF 21.7 % PHASE ANGLES DISPST 1.93 CM 

5 TAVHTR 599.7 DEG.C PADISP 84.5 DEG. 
6 INTEFF 27.7 % PAPRES -16.5 DEG. DYNAMIC CALCULATIONS 
8 AMPS 1196. AMPS 
9 QDISPG 3. WATTS 

10 QDISP 14. WATTS 
11 QREG1 100. WATTS 
12 QREG2 112. WATTS 
13 QREG3 33. WATTS 
14 PFP 991.8 KPA/CM 
15 PFD 296.7 KPA/CM 
16 NBEALE 0.00592 

ENGINE SPEED 
FREQ 32.2 HZ 

PP.MPC 1004. KPA 
DISPCP 2.51 CM 
PISTCP 2.42 Cil 
PD'If(DB 1188. KPA 
PDLCLR****+* KPA 
PDLREG*f**** KPA 
PDLDIS**+*** KPA 

SURFACE TEMPERATURES 
TOlHTR 599.7 DEG.C 
T02HTR 609.0 DEG.C 
T03HTR 607.8 DEG.C 
T04HTR 596.9 DEG.C 
T05HTR 596.9 DES.C 
T06HTR 600.5 DEG.C 
T07HTR 571.9 DEG.C 
T08HTR 604.3 DEG.C 
T09HTP. 611.4 DEG.C 
TlCHTR 598.4 DEG.C 
TllHTR 595.8 DEG.C 
Tl2HTR 604.2 DEG.C 

T13REG 547.6 DEG.C 
T14P.EG 510.0 DEG.C 
T15REG 385.6 DEG.C 
T16REG**'*** DEG.C 
T17REG 369.9 DEti.C 
Tl8REG 372.0 DEG.C 
T19REG 249.1 DEG.C 

T03HED****** DEG.C 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 12/21/83 15:52:31.48 RDG 776 

FLUID HELIUM BAROM 14.416 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON 

HEAT TO DASHPOT COOLING POWER IN 
FLODP 4 . 0 0  L/MIN AMPSl 707. AMPS 

AMPS2 556. AMPS 
TGIINDP 17.0 DEG.C VOLTG 2.78 VOLTS 
TDLDP 2.40 DEG.C 
TNODPR 20.2 DEG.C 

HEAT TO COOLER CALCULATED PARAMETERS 
FLOCLR 4.03 L/MIN 1 PGIRIN 3513. WATTS 
TWINCL 54.6 DEG.C 2 QCOOLR 2021. WATTS 
TDLCL 7.29 DEG.C 3 QDSHPT 669. WATTS 
idOCLR 60.81 DEG.C 4 EXTEFF 22.0 X 

5 TAVHTR 599.2 DEG.C 
6 INTEFF 27.6 X 
8 APlPS 1263. AMPS 
9 QDISPG 3. WATTS 

10 QDISP 1 4 .  WATTS 
11 QREG1 97. WATTS 
12 QREG2 112. WATTS 
13 QREG3 32. WATTS 
14 PFP 973.2 KPA/CM 
15 PFD 283.3 KPA/CM 

ENGINE CHARGE PRESSURE 
PRESUP 7356. KPA 

MEP.NBP 7008. KPA 
MEANCP 7066. KPA 

VIBRATION 
VXlHOR 0.3 CM/S 
VYlVER 7.8 CM/S 

PHASE ANGLES 
PADISP 85.0 DEG. 
PAPRES -15.5 DEG. 

ENGINE SPEED 
FREQ 32.1 HZ 

GAS TEMPERATURES SURFACE TEMPERATURES 
TGEXP 558.7 DEG.C TOlHTR 599.5 DEG.C 

TGREGH 537.8 DEG.C 
TGREGC 121.3 DEG.C 
TGCOYP 74.3 DEG.C 
TGBOUN 43.7 DEG.C 

REMOTE CALCULATIONS 
PWROUT 772. MATTS 
INDPblR 816. WATTS 
PISTST 2.20 CM 
DISPST 2.05 CM 

TO2HTR 608.7 DEG.C 
T03HTR 608.2 DEG.C 
T04HTR 595.7 DEG.C 
TO5HTR 596.3 DEG.C 
T06HTR 599.4 DEG.C 
T07HTR 570.2 DEG.C 
T08HTR 603.3 DEG.C 
T09HTR 611.7 DEG.C 
TlOHTR 598.4 DEG.C 
T11HTR 595.0 DEG.C 
T12HTR 603.5 DEG.C 

T13REG 546.0 DEG.C 
DYNAMIC CALCULATIONS T14REG 508.9 DEG.C 

PAflPC 1083. KPA T15REG 386.0 DEG.C 
DISPCP 2.52 CM T16REG**f*** DEG.C 
PISTCP 2.43 CM T17REG 369.2 DEG.C 
PDYNDB 1263. KPA T18REG 371.2 DEG.C 
PDLCLR****** KPA T19REG 251.4 DEG.C 
PDLREG****** KPA 
PDLDIS****** KPA T03HED****** DEG.C 

16 NBEALE 0.00608 64 



I APPENDIX  D .  - CONTINUED 

j NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 12/21/83 15:57:19.48 RDG 777 

FLUID HELIUM BARON 14.416 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON 

POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES 
TGEXP 555.7 DEG.C TOl!ITR 599.5 DES.C 

AMPS2 592. AMPS TD2HTR 609.0 DEG.C 
TGREGH 534.7 DEG.C T03HTF. 609.3 CZ5.C 

I?E?.NCP 7062. KPA TGREGC 124.6 DEG.C T04HTR 595.4 D2G.C 
TGCCNP 78.3 DEG.C T051lT.3 597.1 DEG.C 
TGBOUN 4 4 . 0  DEG.C T06HTR 598.4 DEG.C 

T071iTR 569.4 CEG.C 
TO8HTR 602.2 DE5.C 

HEAT TO DASHPOT COOLING 
FLODP 3.98 L/MIN AMPSl 748. AMPS PRESUP 7351. KPA 

~ TWINDP 17.0 DEG.C VOLTG 2.95 VOLTS MEANBP 6998. KPA 
TDLDP 2.78 DEG.C 
TL!ODPR 20.5 D5G.C 

CALCULATED PARAMETERS 
PWRIN 3951. WATTS 

VIBRATION 
VXlHOR 0.3 CM/S 
VYlVER 8.5 CM/S 

REMOTE CALCULATIONS 
TO9HTR 613.3 DE5.C 
TlOHTR 598.6 DEG.C 
T11HTR 594.7 C5G.C 
T12HTR 603.3 DEG.C 

HEAT TO COOLER 
FLOCLR 4.05 L/MIN 
TWINCL 54.6 DEG.C 
TDSCL 8.13 DEG.C 
TWOCLR 61.75 DEG.C 

1 
2 
3 
4 
5 
6 
8 
9 
10 
11 
12 
13 
14 
15 
16 

PG!DOUT 885. WATTS 
INDPWR 911. WATTS 
PISTST 2.40 Cl1 
DISPST 2.20 CM 

DYNAMIC CALCULATIONS 
PP.Pl?C 1196. KPA 
DISPCP 2.55 CM 
PISTCP 2.38 CM 
PDYNDB 1350. KPA 
PDLCLR***+** KPA 

QCOOLR 2261. WATTS 
QDSHPT 771. WATTS 
EXTEFF 22.4 X PHASE ANGLES 

PADISP 84.9 DEG. 
PAPRES -14.7 DEG. 

ENGINE SPEED 
FREQ 32.0 HZ 

TAVHTR 599.2 DEG.C 
INTEFF 28.1 X 
AilPS 1340. AFPS 
QDISPG 3. WATTS 
QDISP 14. WATTS 
QREG1 95. WATTS 
PRES2 111. WATTS 
QREG3 32. WATTS 
PFP 986.6 KPA/CM 
PFD 277.1 KPA/CM 
NBEALE 0.00641 

T13REG 545.2 DEG.C 
T14REG 508.7 DEG.C 
T15P.EG 387.7 DZG.C 
T16PFGY**+** DE5.C 
T17REG 368.9 CEG.C 
T18PEG 372.3 DEG.C 
TlSREG 254.6 DEG.C 

PDSREG****'* KPA 
PDLDIS*'**** KPA T03HED****** DEG.C 

NASA LEGlIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 12/21/83 16:02:16.48 RDG 778 

PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON FLUID HELIUM BAROM 14.41 

HEAT TO DASHPOT COOLING POWER IN 
FLODP 3.97 L/MIN AMPSl 792. 

AMPS2 619. 
TWINDP 17.0 DEG.C VOLTG 3.11 
TDLDP 3.13 DEG.C 

AMPS 
AMPS 
VOLTS 

ENGINE CHARGE PRESSURE 
PRESUP 7349. KPA 

MEANBP 6998. KPA 
MEANCP 7066. KPA 

GAS TEMPERATURES 
TGEXP 553.7 DEG.C 

SURFACE TEMPERATURES 
TOlHTR 600.1 DEG.C 
TOZHTR 611.1 DEG.C 
T03HTR 611.9 DEG.C 
T04HTR 596.2 DEG.C 

TGREGH 532.1 DEG.C 
TC-REGC 127.1 DEG.C 
TGCOMP 82.4 DEG.C 
TGBOUN 44.7 DEG.C 

TWODPR 20.9 DEG.C T05HTR 599.5 DEG.C 
T06HTR 597.9 DEG.C 
T07HTR 570.3 DEG.C 
TO8HTR 602 
TO9HTR 616 
TlOHTR 599 
TllHTP. 595 
T12HTR 605 

. 1 DEG.C 
0 DEG.C 
2 DES.C 
2 DEG.C 
1 DEG.C 

5 DEG.C 
1 DEG.C 
4 DEG.C * DEG.C 
3 DEG.C 
4 DEG.C 

. O  DEG.C 

HEAT TO COOLER 
FLOCLR 4.07 LININ 
TWINCL 54.6 DEG.C 

1 
2 
3 
4 
5 
6 
8 
9 

10 
11 
12 
13 
14 
15 
16 

CALCULI 
PWRIN 
QCOOLR 
QDSHPT 
EXTEFF 
TAVHTR 
INTEFF 
AMPS 
QDISPG 
QDISP 
QREG1 
QREGZ 
QREG3 
PFP 
PFD 
NBEALE 

\TED PARAMETERS VIBRATION 
VXlHOR 0 . 4  CM/S 
VYlVER 9.1 CM/S 

REMOTE CALCULATIONS 
:-WROUT 1000. WATTS 
INDPWR 1005. WATTS 
PISTST 2.61 CM 
DISPST 2.30 CM 

4387. WATTS 
2428. WATTS 
865. WATTS TDLCL 8.69 DEG.C 

TKOCLR 62.74 DEG.C 22.8 X 

29.2 % 
600.4 DEG.C 

PHASE ANGLES 
PADISP 83.6 DEG. 
PAPRES -13.7 DEG. 

T13REG 545 
DYNAMIC CALCULATIONS 

PAMPC 1294. KPA 1410. AMPS 
3. WATTS 

13. WATTS 
93. WATTS 

111. WATTS 
31. WATTS 

989.0 KPA/CM 
267.2 KPA/CM 
0.00666 

ENGINE SPEED 
FREQ 32.0 HZ 

DISPCP 2.77 CM 
PISTCP 2.51 CM 
PDYNDB 1450. KPA 

T17REG 363 
T18RES 372 
T19?.EG 258 PDLCLR***"** KPA 

PDLREG****** KPA 
PDLDIS****** KPA T03HED****** DEG.C 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 12/21/83 16:06:19.4? RDG 779 

FLUID HELIUM BARON 14.411 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON 

HEAT TO DASHPOT COOLING 
FLODP 3.97 L/MIN 

POWER IN ENGINE CHARGE PRESSURE 
PRESUP 7347. KPA 

MEANBP 6998. KPA 
MEANCP 7070. KPA 

GAS TEMPERATURES SURFACE TEMPERATURES 
TGEXP 549.9 DEG.C TOlHTR 599.5 DEG.C 

TOZHTR 610.0 DZG.C 
TGREGH 529.2 DEG.C T03HTR 612.1 DEG.C 
TGREGC 129.9 DEG.C T04HTR 594.4 DEG.C 
TGCOMP 86.5 DEG.C T05HTR 599.4 DEG.C 
TGBOUN 45.1 DEG.C T06HTR 596.6 DEG.C 

T07HTR 568.1 DEG.C 

AMPSl 834. AMPS 
AMPS2 6 4 4 .  AMPS 
VOLTG 3.26 VOLTS TWINDP 17.1 DEG.C 

TDLDP 3.37 DEG.C 
TWODPR 21.2 DEG.C 

TO8HTR 600.7 DEG.C 
T09HTR 616.0 DEG.C 

REMOTE CALCULATIONS TlOHTR 599.0 DEG.C 
PWROUT 1075. WATTS TllHTR 593.9 DEG.C 
INDPWR 1093. WATTS T12HTR 603.8 DEG.C 
PISTST 2.80 CM 
DISPST 2.41 CM 

HEAT TO COOLER 
FLOCLR 4.08 L/MIN 
TWINCL 54.7 DEG.C 
TDLCL 9.17 DEG.C 
TWOCLR 63.87 DEG.C 

CALCULATED PARAMETERS VIBRATION 
VXlHOR 0 . 4  CM/S 
VYlVER 9.7 CM/S 

1 PWRIN 4815. WATTS 
2 CCOOLR 2570. WATTS 
3 QDSHPT 932. WATTS 
4 EXTEFF 22.3 X 
5 TAVHTR 599.5 DEG.C 

PHASE ANGLES 
PADISP 83.8 DEG. 
PAPRES -13.1 DEG. 

T13REG 543.8 DEG.C 6 INTEFF 29.5 X 
8 ANPS 1477. AMPS 
9 QDISPG 3. WATTS 

10 QDISP 13. WATTS 

DYNAMIC CALCULATIONS 
PAMPC 1393. KPA 

T14REG 508.4 DEG.C 
T15P.EG 391.2 DEG.C 
T16REG***"** DEG.C ENGINE SPEED 

FREQ 31.9 HZ 
DISPCP 2.82 CM 
PISTCP 2.48 CM 
PDYNDB 1525. KPA 

T17P.EG 362.5 DEG.C 
T18REG 372.8 DEG.C 
T19REG 262.0 DEG.C 

T03HED****** DEG.C 

11 QREG1 90. WATTS 
12 QDEG2 110. WATTS 
13 QREG3 31. WATTS 
14 PFP 993.6 KPAICM 
15 PFD 263.2 KPA/CM 

PDLCLR****** KPA 
PDLREG****** KPA 
PDLDIS****** KPA 

65 16 NBEALE 0.00669 



APPENDIX  D .  - CONTINUED.  OF POOR QUALITY 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 12/21/83 16:10:19.48 RDG 780 

FLUID HELIUM BARON 1 4 . 4 1 1  PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON 
GAS TEMPERATURES 
TGEXP 547.1 DEG.C 

TGREGH 528.7 DEG.C 

HEAT TO DASHPOT COOLING 
FLODP 3.99 LININ 

POWER IN 
APiPSl 876. AMPS 
iit'lPS2 681. AT'IPS 
VOLTG 3.44 VOLTS 

ENGINE CHARGE PRESSURE 
PRESUP 7350. KPA 

SURFACE TEMPERATURES 
TOlHTR 601.4 DEG.C 
T02NTR 609.4 DEG.C 

MEANBP 7008. KPA 
MEANCP 7087. KPA 

T03HTR 613.8 DEG.C 
TOGHTR 593.1 DEG.C 
T05HTR 599.5 DEG.C 

TGJINDP 17.0 DEG.C 
TDLDP 3.67 DEG.C 
TWOPPR 21.6 DEG.C 

TG?.EGC 132.8 DEG.C 
TGCO!l? 90.3 CEC-.C 
TGBOUN 46.2 DEG.C T06HTR 

T07HTR 
TOCilTR 
T0911TR 
TlOHTR 
TllHTR 
T12HTR 

597.6 DEG.C 
565.5 DEG.C 
600.9 DE5.C 
616.2 DEG.C 
600.7 DEG.C 
594.6 DZG.C 
603.6 DEG.C 

REMOTE CALCULATIONS 
PW?,OUT 117 5. !,!ATTS HEAT TO COOLER CALCULATED PARAMETERS 

1 P!.IRIN 5355. GIATTS 
2 QCCOLR 2919. WATTS 
3 QDSYPT 1018. I.!ATTS 
4 EZTEFF 21.9 X 
5 TAVHTR 599.7 DEG.C 
6 INTEFF 28.7 X 
8 AMPS 1557. AMPS 

VIBRATION 
VXlHOR 0.5 CM/S 
VYlVEP.10.4 CM/S 

FLOCLR 4.05 LININ 
T!JIHCL 54. 0 DEG.C 
TDLCL 10.48 DEG.C 

INDPG!R 1186. LIATTS 
PISTST 3.00 CPl 
DISPST 2.39 CM PHASE ANGLES 

PADISP 8 4 . 3  DEG. 
PAPRES -12.0 DEG. 

T:.!OCLR 64.54 DEG . C T13REG 542.0 DEG.C 
T14PEG 507.0 DEG.C 
T153EG 391.8 DEG.C 
T16P.EG**Y*** DEG.C 
T17REG 366.9 DEG.C 
T18P.EG 376.1 DEG.C 
T19REG 265.2 DEG.C 

T03HED****** DEG.C 

DYNAMIC CALCULATIONS 
FAMPC 15 16. KPX 
DISPCP 2.89 Cil  
PISTCP 2.35 CM 
PD'INCB 1625. KPA 
P DLC LR ** * * KP A 
PDL?EG****** k:PA 
PDLDIS****** KPA 

9 QDISPG 3. WATTS 
10 QDISP 13. WATTS 
11 QREG1 90. WATTS 

ENGINE SPEED 
FREQ 32.1 HZ 

I2 QREG2 106. 5JATTS 
13 QREG3 31. L!P.TTS 
1 4  PFP 1008.2 KPA/CM 
15 PFD 264.5 KPA/CM 
16 NBEALE 0.00678 

NASA LEGJIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 01/06/84 13:00:19.43 EDG 8 0 4  

FLUID HELIUM BAROM 14.136 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON 

HEAT TO DASHPOT COOLING P06!ER IN ENGINE CHARGE PEESSUP.E GAS TEMPERATURES 
FLODP 4.12 L/MIN P.MPS1 623. AMPS PRESUP 7076. KPA TC-EXP 562.6 DEG.C 

TNINDP 20.3 DEG.C VOLTG 2.50 VOLTS MEANBP 7010. KPA TGREGH 540.1 DEG.C 
TDLDP 1.54 DEG.C MEANCP 7051. KPA TGKEGC 102.3 DEG.C 
TWODPR 22.4 DEG.C TC-COXP 56.2 DE5.C 

TGEOUN 36.6 DEG.C 

AMPS2 515. ATIPS 

SURFACE TEMPEEATURES 
TOlHTR 599.6 DEG.C 
T 0 2 t t T R  6 1 0 . 4  DEG.C 
T03HTF. 609.8 DEG.C 
T04HTR 595.3 DEG.C 
TO5HTR 600.9 DEG.C 
T06HTR 601.1 DEG.C 
T07HTR 574.0 DEG.C 
TCSHTR 602.8 DEG.C 
T09HTR 607.4 D5G.C 
TlOHTR 598.8 DEG.C 
TllHTR 593.9 0ZG.C 

HEAT TO COOLER CALCULATED PARAMETERS VIBRATION REilOTE CALCULATIONS 
FLOCLR 4.37 i,/YIN 1 PWRIN 2844. WATTS VXlHOR 0.2 CM/S PI.!POUT 638. LIPTTS 
TI!INCL 39.4 DEG.C 2 QCOOLR 1629. MATTS VYlVER 6.5 CM/S INDPL!F. 66 9. I.!ATTS 
TDLCL 5.40 DEG.C 3 QDSHPT 4 4 1 .  WATTS PISTST 1.80 CM 
TC!OCLR 44.66 DEG.C 4 EXTEFF 22.4 X PHASE ANGLES DISPST 1.78 CM 

5 TAVHTR 600.1 DEG.C PADISP 83.6 DEG. 
6 INTEFF 28.1 X PAPRES -18.4 DEG. DYNAMIC CALCULATIONS 
8 MIPS 1139. AMPS PAMPC 930. KPA 
9 QDISPG 3. MATTS ENGINE SPEED DISPCP 2.52 CM 

10 QDISP 1 4 .  L!ATTS FREQ 32.4 HZ PISiCP 2.44 CE 
11 QFEGl 106. MATTS PD'INDB 1075. YPA 

QREG2 113. WATTS PDLCLR*Y+*** KPA 
i 2  QPEG3 34. LlATTS ?DLREGd**XY* KPA 
1 4  PFP 1019.6 KP?./CM P D L DIS **L * * KP A 

T12HTR 607.6 DEG.C 

TlJEEG 552.8 DEG.C 
T14REG 515.4 DEG.C 
T15REG 389.0 DEG.C 
T16REG*+2+** DZG.C 
T17REG 364.8 DEG.C 
Tl8REG 376.4 DEG.C 
T19PEG 246.1 DEG.C 

T03HED*+**** DEG.C 
15 PFD 332.1 KPA/CM 
16 NSEALE 0.00608 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 01/06/84 13:06:16.43 RDG 805 

FLUID HELIUM BAROM 1 4 . 1 4 0  PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON 
GAS TEMPERATURES 
TGEXP 560.4 DEG.C 

TGREGH 537.7 DEG.C 
TGPEGC 105.7 DEG.C 
TGCOMP 59.6 DEG.C 
TC-SOTJN 38.0 DEG.C 

HEAT TO DASHPOT COOLING 
FLODP 4.13 LININ 

POWER IN 
AMPS1 661. AMPS 
AtIPS2 541. AMPS 

ENGINE CHAP.GE PF.ESSURE 
PRESUP 7084. KPA 

SURFACE TEMPERATURES 
TOlHTR 599.2 DEG.C 
T02HTR 610.0 DEG.C 

MEANBP 6997. KPA 
MEANCP 7043. KPA 

T03HTR 609.8 DEG.C 
T04HTR 595.5 DEG.C 
T05HTR 600.5 DEG.C 
T06HTR 599.8 DEG.C 
T07HTR 572.6 DEG.C 

TIUNDP 20.3 DEG.C 
TDLDP 1.80 DEG.C 
TKODPR 22.7 DE5.C 

VOLTG 2.64 VOLTS 

TO8HTR 602.4 DEG.C 
T09HTR 609.4 DEG.C 
TIOHTR 598.6 DEG.C REMOTE CALCULATIONS 

PWROUT 727. WATTS HEAT TO COOLER 
FLOCLR 4.37 LININ 1 PWP.IN 3173. LIATTS 
TWINCL 39.5 DEG. C 2 QCOOLR 1886. WATTS 
TDLCL 6.25 DEG.C 3 QDSHPT 516. WATTS 
TWOCLR 45.58 DEG.C 4 EXTEFF 22.9 % 

5 TAVHTR 599.9 DEG.C 
6 INTEFF 27.8 

CALCULATED PARAMETERS VIBRATION 
VXlHOR 0.2 CM/S 
VYlVER 7.1 C W S  

T11HTR 594.0 DEG.C 
T12HTR 606.5 DEG.C INDPWF. 7 6 5. NATTS 

PISTST 1.98 CM 
DISPST 1.91 CM PHASE ANGLES 

PADISP 84.2 DEG. 
PAPRES -17.5 DEG. 

Tl3REG 550.8 DEG.C 
T14REG 513.6 DEG.C DYNAMIC CALCULATIONS 

p m p c  1019. KPA T15REG 388.1 DEG.C 
T16F,EG**+*** DEG.C 
T17REG 363.4 DEG.C 
T18F.EG 376.2 DEG.C 
T19REG 247.4 DEG.C 

8 AMPS 1202. AMPS 
9 QDISPG 3. W4TTS 

10 QDISP 1 4 .  CIP.TTS 
11 QREG1 105. WATTS 
12 QirEG2 111. WATTS 
13 QREG3 33. WATTS 
1 4  PFP 1012.1 KPA/CM 
15 PFD 323.8 KPA/CM 
16 NBEALE 0.00632 

ENGINE SPEED 
FEE3 32.3 HZ 

DISPCP 2.54 CM 
PISTCP 2.45 CM 
PD'INDB 1175. KPA 
PDLCLE****** KPA 
PDLREG***'** KPA 
PDLDIS****** KPA T03HED****** DEG.C 
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NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 01/06/84 13:10:34.48 P.DG 806 

FLUID HELIUM BARON 14.140 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON 

HEAT TO DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE 
PRESUP 7058. KPA 

MEANBP 6989. KPA 
MEANCP 7036. KPA 

GAS TEMPERATURES 
TGEXP 556.9 DEG.C 

TGREGH 535.3 DEG.C 

SURFACE TEMPERATURES 
TOlHTR 599.3 DEG.C 
T02HTR 609.0 DEG.C 
T03HTR 610.3 DEG.C 

FLOD? 4.12 LININ AMPSl 702. AMPS 
AMPS2 574. AMPS 

TWINDP 20.2 DEG.C VOLTG 2.80 VOLTS 
TDLDI’ 2.13 DEG . C 
TWODPR 23.0 DEG.C 

TGREGC 108.4 DEG.C 
TGCOMP 62.1 DEG.C 
TGBOUN 38.8 DEG.C 

T04HTX 594.1 DEG.C 
T05HTR 599.8 DEG.C 
T06HTR 598.9 DEG.C 
T07HTR 570.4 DEG.C 
TO8HTR 601.5 DE5.C 
T09HTR 609.8 DEG.C 
TlOHTR 598.7 DEG.C 
TllHTR 593.4 DZG.C 

HEAT TO COOLER CALCULATED PARAMETERS 
FLOCLR 4.37 LININ 1 PWRIN 3568. WATTS 
T!XNCL 39.6 DEG.C 2 QCOOLR 2145. WATTS 
TDLCL 7.12 DEG.C 3 QDSHPT 612. WATTS 

VIBRATION 
VXlHOR 0.3 CM/S 
VYlVER 7.8 CM/S 

REMOTE CALCULATIONS 
PWPOUT 827 . G!ATTS 
INDPWR 8 6 8 .  WATTS 
PISTST 2.19 CM 
DISPST 2.04 CM 

TlZHTR 605.2 DEG.C 

TWOCLR 46.49 DEG.C 4 EXTEFF 23.2 Z 
5 TAVHTR 599.2 DEG.C 
6 INTEFF 27.8 Z 
8 AMPS 1276. AMPS 
9 QDISPG 3. WATTS 

10 QDISP 14. WRTTS 

PHASE ANGLES 
PADISP 84.5 DEG. 
PAPRES -16.6 DEG. 

T13REG 548.0 DEG.C 
T14P.EG 511.3 DEG.C 
T15REG 396.5 DEG.C 

DYNAMIC CALCULATIONS 
PAMPC 1127. KPA 
DISPCP 2.58 CM 
PISTCP 2 . 4 6  CM 
PDYNDB 1263. KPA 
PDLCLR****** KPA 
PDL?.EG****** KPA 
PDLDIS****** KPA 

ENGINE SPEED 
FREQ 32.2 HZ 

T16PEG*+iY+* DEG.C 
T17REG 363.4 D3G.C 
T18REG 376.1 D3G.C 
T19BEG 248.0 DEG.C 

11 QREGl 104. WATTS 
12 PREG2 110. WATTS ~~ 

13 QREG3 33. WATTS 
14 PFP 1012.9 KPA/CM 
15 PFD 315.8 KPA/CM 

T03HED****** DEG.C 

16 NBEALE 0.00652 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 01/06/84 13:15:19.48 RDG 807 

FLUID HELIUM BARON 14.140 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON 

HEAT TO DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES 
FLODP 4.12 L/MIN AMPSl 745. AMPS PRESUP 7098. KPA TGEXP 554.4 DEG.C 

SURFACE TEMPERATURES 
TOlHTR 600.7 DEG.C 

AMPS2 602. AMPS 
TWINDP 20.3 DEG.C VOLTG 2.95 VOLTS 
TDLDP 2.47 DEG.C 
TNODPR 23.3 DEG.C 

MEANBP 7009. KPA TGREGH 534.3 DEG.C 
MEANCP 7065. KPA TGREGC 113.3 DEG.C 

TGCOMP 65.8 DEG.C 
TGEOUN 40.1 DEG.C 

TOZHTR 607.8 DEG.C 
T03!ITR 611.5 DEG.C 
TOqHTR 593.6 DEG.C 
T05HTR 598.8 DEG.C 
T06HTR 599.5 DEG.C 
T07HTR 567.7 DEG.C 
TOSHTR 601.9 DEG.C 
TO9HTR 611.4 DEG.C 
TlOHTR 600.1 DEG.C 
T11HTR 594.3 DEG.C 
TlZHTR 603.9 DEG.C 

HEAT TO COOLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS 
FLOCLR 4.38 L/MIN 1 PWRIN 3977. WATTS VXlHOR 0.3 CM/S PWF.OUT 930. C!P.TTS 
TWINCL 39.7 DEG.C 2 QCOOLR 2443. WATTS VYlVER 8.4 CM/S INDPWX 973. WATTS 
TDLCL 8.08 DEG.C 3 QDSHPT 708. WATTS PISTST 2.40 CM 
TI.!OCLR 47.47 DEG. C 4 EXTEFF 23.4 X PHASE ANGLES DISPST 2.18 CM 

5 TAVHTR 599.3 DEG.C PADISP 84.6 DEG. 
6 INTEFF 27.6 2 PAPRES -15.7 DEG. DYNAMIC CALCULATIONS 
8 AMPS 1347. AMPS PAWPC 1235. KPA 
9 QDISPG 3 .  WATTS ENGINE SPEED DISPCP 2.62 Cil 

10 QDISP 14. WATTS FREQ 32.2 HZ PISTCP 2.46 CM 
11 QREG1 104. WATTS PDYNDB 1363. KPA 
12 QREG2 108. WATTS PDLCLR****** KPA 
13 QREG3 33. UATTS PDLREG****** KPA 
14 PFP 1018.6 KPA/CM PDLDIS****** KPA 
15 PFD 308.2 KPA/CM 
16 NBEALE 0.00670 

T13REG 545.5 DEG.C 
T14REG 509.0 DEG.C 
T15RCG 384.4 DEG.C 
T16PEG’l’*** DEG.C 
T17REG 366.0 DEG.C 
Tl9REG 376.0 DEG.C 
T19P.EG 247.9 DEG.C 

T03HED****** DEG.C 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 01/06/84 13:21:04.48 RDG 808 

FLUID HELIUM BAROM 14.140 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON 

HEAT TO DASHPOT COOLING 
FLODP 4.12 LININ 

POWER IN 
AMPSl 772. AMPS 
AMPS2 627. AMPS 
VOLTG 3.08 VOLTS 

ENGINE CHARGE PRESSURE 
PRESUP 7092. KPA 

GAS TEMPERATURES SURFACE TEMPERATURES 
TGEXP 551.3 DEG.C TOlHTR 602.3 DEG.C 

T02HTR 606.0 DEG.C 
TWINDP 20.3 DEG.C 
TDLDP 2.83 DEG.C 
TWODPR 23.6 DEG.C 

MEANBP 6987. KPA 
MEANCP 7051. KPA 

TGREGH 533.7 DEG.C TO3HTR 612.4 DEG.C 
TGREGC 116.6 DEG.C T04HTR 592.6 DEG.C 
TGCOMP 69.6 DEG.C TO5HTR 596.3 DEG.C 
TGBOUN 41.5 DEG.C T06HTR 599.9 DEG.C 

T07HTR 564.9 DEG.C 
T08HTR 602.1 DEG.C 
T09HTR 612.0 DEG.C 

REMOTE CALCULATIONS TlOHTR 601.6 DEG.C 
PWROUT 1006. WATTS TllHTR 595.1 DEG.C 
INDPGIR 1051. WATTS T12HTR 602.3 DEG.C 
PISTST 2.59 CM 
DISPST 2.28 CM 

Tl3REG 542.2 DEG.C 
DYNAMIC CALCULATIONS T14REG 504.7 DEG.C 

HEAT TO COOLER 
FLOCLR 4.37 L/MIN 
TI4INCL 39.7 DEG.C 
TDLCL 8.90 DEG.C 
TG!OCLR 48.29 DEG.C 

CALCULATED PARAMETERS 
1 PWRIN 4307. WATTS 
2 QCOOLR 2686. WATTS 
3 QDSHPT 811. WATTS 
4 EXTEFF 23.4 Z 
5 TAVHTR 599.0 DEG.C 
6 INTEFF 27.2 X 

VIBRATION 
VXlHOR 0 . 4  
VYlVER 9.0 

PHASE ANGLES 
PADISP 84 
PAPRES -14 

ENGINE SPEED 
FREQ 32 

CHIS 
CM/S 

.4 DEG. 

.7 DEG. 

.O HZ 

8 
9 

10 
11 
12 
13 
14 
15 
16 

P.MPS 1399. 
QDISPG 3. 
QDISP 14. 
QREG1 107. 
QREG2 104. 
QREG3 32. 
PFP 1012.5 
PFD 296.8 
NBEALE 0.0067 

AMPS 
WATTS 
WATTS 
WATTS 
WATTS 
WATTS 
KPA/CM 
KPA/CM 
‘6 

PAMPC 1324. KPA 
DISPCP 2.64 CM 
PISTCP 2.44 CM 

T15REG 379.1 DEG.C 
T16EEG****** DEG.C 
T17PEG 368.6 DEG.C 
T18REG 376.3 DEG.C 
T19PEG 244.8 DEG.C 

PDYNDB 1438. KPA 
PDLCLR****** KPA 
PDLREG****** KPA 
PDLDIS****** KPA T03HED****** DEG.C 
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NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 01/06/84 13:25:19.48 RDG 809 

FLUID HELIUM BARON 14.140 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON 

HEAT TO DASHPOT COOLING 
FLOD? 4.11 L/MIN 

POWER IN ENGINE CHARGE PRESSURE 
PRESUP 7071. KPA 

MEANBP 6995. KPA 
MEANCP 7063. KPA 

GAS TEMPERATURES 
TGEXP 548.0 DEG.C 

TGREGH 531.8 DEG.C 
TGREGC 119.2 DEG.C 
TGCOMP 73.6 DEG.C 
TGBOUN 43.2 DEG.C 

SURFACE TEMPERATURES 
TOlHTR 602.0 DEG.C AMPS1 807. P.MPS 

AMPS2 657. AMPS 
VOLTG 3.23 VOLTS 

TO2HTR 
TO 3HTR 
T04HTR 
T05HTR 
T06HTR 
T07HTF. 
T08HTR 
TO 9HTR 

605.5 
612.7 
591.3 
596.1 
599.0 
563.2 
601.3 
612.4 

DEG . C 
DEG. C 
DEG . C 
DEG . C 
DEG. C 
DEG . C 
DEG . C 
DEG . C 

TWINDP 20.3 DEG.C 
TCLDP 3.06 DEG,C 
TLIODPR 23.9 DEG.C 

CALCULATED PARAMETERS 
1 PWRIN 4736. WATTS 

VIBRATION 
VXlHOR 0 . 4  CM/S 
VYIVER 9.6 CM/S 

REMOTE CALCULATIONS 
PWROUT 1089. WATTS 
INDPWR 1138. WATTS 
PISTST 2.79 CM 
DISPST 2.40 CM 

TlOHTR 601.5 DEG.C 
TllHTR 594.8 DEG.C 
T12HTR 601.4 DEG.C 

HEAT TO COOLER 
FLOCLR 4.39 L/MIN 
TbIINCL 39.7 DEG.C 
TDLCL 10.00 DEG.C 
TGlOCLR 49.39 DEG.C 

2 QCOOLR 3031. WATTS 
3 QDSHPT 874. WATTS 
4 EXTEFF 23.0 Z PHASE ?.NGLES 

PP.DISP 84.9 DEG. 
PAPRES -13.8 DEG. 

T13REG 540.6 DEG.C 
T14REG 503.7 DEG.C 
T15REG 380.7 DEG.C 
T16REG*f**** DEG.C 
T17REG 368.5 DEG.C 
T18REG 376.1 DEG.C 

5 TAVHTR 598.4 DEG.C 
6 INTEFF 26.4 % DYNAMIC CALCULATIONS 

PAMPC 1427. KPA 
DISPCP 2.67 CM 

8 AMPS 1464. AMPS 
9 QDISPG 3. WATTS 

10 QDISP 13. WATTS 
ENGINE SPEED 

FREQ 31.9 HZ PISTCP 2.39 CM 
PDYNDB 1494. KPA 
PDLCLR****** KPA 
P DL?.EG**** * * KP A 
PDLDIS****** KPA 

11 QREG1 103. WATTS 
12 QREG2 104. WATTS 
13 QREG3 32. WATTS 
14 PFP 1014.3 KPA/CM 
15 PFD 284.2 KPA/CM 
16 NBEALE 0.00680 

T19REG 248.8 DEG.C 

T03HED****** DEG.C 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 01/11/84 13:59:30.48 RDG 810 

FLUID HELIUM BARON 14.489 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON 

POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES 
TGEXP 545.2 DEG.C HEAT TO DASHPOT COOLING 

FLODP 4 . 0 4  L/MIN AMPSl 838. AMPS PRESUP 7493. KPA 
AMPS2 709. AMPS 
VOLTG 3.40 VOLTS MEANBP 6998. KPA TGREGH 529.9 DEG.C TWINDP 17.7 DEG.C 

TDLDP 3.08 DEG.C MEANCP 7065. KPA TGREGC 116.5 DEG.C 
TGCOMP 75.0 DEG.C TI.!ODPR 21.4 DEG.C TGBOUN 38.1 DEG.C 

SURFACE 
TOlHTR 
TOZHTR 
T03HTR 
T04HTR 
T05HTR 
T06HTR 
T07HTR 
T08HTR 
T09HTR 
TlOHTR 
TllHTR 
T12HTR. 

TEMPERATURES 
6 0 4 . 3  DEG.C 
606.4 DEG.C 
614.7 DEG.C 
591.2 DEG.C 
595.7 DEG.C 
600.3 DEG.C 
561.9 DEG.C 
601.4 DEG.C 
613.5 DEG.C 
603.2 DEG.C HEAT TO COOLER CALCULATED P 

1 PWRIN 5261. 
2 QCOOLR 3181. 
3 QDSXPT 866. 
4 EXTEFF 23.2 
5 TAVHTR 599.1 
6 INTEFF 27.7 
8 ANPS 1547. 
9 QDISPG 3 .  

10 QDISP 13. 
11 QREGl 104. 

ARAMETERS 
WATTS 
WATTS 
WATTS 
% 
DEG . C 
Z 
AMPS 
WATTS 
WATTS 
WATTS 

VIBRATION 
VXlHOR 0.6 CM/S 
VYlVER10.2 CM/S 

REMOTE CALCULATIONS 
PWROUT 1219. WATTS 
INDPWR 1240. G!ATTS 
PISTST 2.98 CM 
DISPST 2.48 CM 

595.0 DEG.C 
601.5 DEG.C FLOCLR 4.59 LININ 

TWINCL 39.3 DEG.C 
TDLCL 10.03 DEG.C 
Tb!OCLR 48.65 DEG. C PHASE ANGLES 

T13?.EG****** DEG . C 
T14REG 501.8 DEG.C 
T15REG 380.7 DEG.C 
T16REG**’**’ DCG.C 

PADISP 84.7 DEG. 
PAPRES -12.8 DEG. 

ENGINE SPEED 
FREQ 32.1 HZ 

DYNAMIC CALCULATIONS 
PAMPC 1536. KPA 
DISPCP 2.81 CM 
PISTCP 2.28 CM Tl7P.EG 369.1 DEG.C 

T18REG 378.4 DEG.C 
Tl9REG 250.2 DEG.C 

PDYNDB 1588. KPA 
PDLCLR****** KPA 
PDLREG****** KPA 
PDLDIS****** KPA 

12 QREG2 100. WATTS 
13 QREG3 32. WATTS 
14 PFP 1025.8 K?A/CM 
15 PED 275.7 KPA/CM 
16 NBEALE 0.00710 

T03HED****** DEG.C 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 01/11/84 14:04:09.48 RDG 811 

FLUID HELIUM BARON 14.489 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON 

HEAT TO DASHPOT COOLING POWER IN 
FLODP 4.03 L/MIN AMPSl 868. AMPS 

AMPS2 734. AMPS 
TGIINDP 17.7 DEG.C VOLTG 3.54 VOLTS 
TDLDP 3.45 DEG.C 
TWODPR 21.8 DEG.C 

ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES 
PRESUP 7503. KPA TGEXP 542.6 DEG.C TOlHTR 606.1 DEG.C 

TO2HTR 605.2 DEG.C 
MEANBP 6988. KPA TGREGH 530.1 DEG.C T03HTR 616.0 DEG.C 
MEANCP 7061. KPA TGREGC 122.5 DEG.C T04HTR 590.4 DEG.C 

TGCOMP 79.2 DEG.C T05HTR 596.1 DEG.C 
TGBOUN 41.0 DEG.C T06HTR 601.2 DEG.C 

T07HTR 559.9 DEG.C 
T08HTR 602.7 DEG.C 
T09HTR 614.0 DEG.C 

HEAT TO COOLER 
FLOCLR 4.51 L/MIN 
TL!I?(CL 39.8 DEG.C 
TDLCL 11.15 DEG.C 
TWOCLR 50.71 DEG.C 

1 
2 
3 
4 
5 
6 
8 
9 

10 
11 
12 
13 
14 
15 
16 

CALCULATED PARAMETERS 
PWRIN 5666. WATTS 
QCOOLR 3468. WATTS 
QDSHPT 969. WATTS 
EXTEFF 22.8 Z 
TAVHTR 599.6 DEG.C 
INTEFF 27.1 Z 
AMPS 1601. AMPS 
QDISPG 3. WATTS 
QDISP 13. WATTS 
QREG1 104. WATTS 
QREPJ2 99. WATTS 
QREG3 32. WATTS 
PFP 1025.1 K?A/CM 
PED 265.2 KPA/CM 
NBEALE 0.00703 

VIBRATION REMOTE CALCULATIONS TlOHTR 605.1 DEG.C - -. . - -. 
VXlHOR 0.6 CM/S 
VYlVER10.9 CM/S 

PHASE ANGLES 
PADISP 84.2 DEG. 
PAPRES -12.0 DEG. 

PWROUT 1290. WATTS TllHTR 596.9 DEG.C 
INDPWR 1299. WATTS Tl2HTR 601.2 DEG.C 
PISTST 3.20 CM 
DISPST 2.59 CM 

DYNAMIC CALCULATIONS 
T13REG****** 
T14REG 499.9 
T15REG 377.8 
T16REG****** 
T17REG 371.7 
T18REG 378.2 
T19REG 250.0 

T03HED****** 

DEG . C 
DEG. C 
DEG . C 
DEG.C 
DEG. C 
DEG . C 
DEG . C 
DEG . C 

PAMPC 1639. KPA 
DISPCP 2.81 CII 
PISTCP 2.17 CM 

ENGINE SPEED 
FREQ 32.0 HZ 

PDYNDB 1650. KPA 
PDLCLR****** KPA 
PDLREG****** KPA 
PDLDIS****** KPA 
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APPENDIX  D .  - CONTINUED.  

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 01/11/84 14:07:18.48 RDG 812 

FLUID HELIUM BARON 14.494 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON 

HEAT T3 DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES 
AMPSl 895. AMPS PRESUP 7427. KPA TGEXP 541.0 DEG.C 
AMPS2 791. AMPS 

FLOD? 4.03 L/MIN 

TWIND? 17.7 DEG.C VOLTG 3.70 VOLTS MEANBP 7014. KPA TGREGH 530.6 DEG.C - TDLDP 3.69 DEG.C MEANCP 7097. KPA TGREGC 127.5 DEG.C 
TW9DPR 22.2 DEG.C TGCCilP 83.6 D5G.C 

TGBOUN 42.8 DEG.C 

SURFACE TEMPERATUXES 
TOlHTR 607.2 DEG.C 
TOPHTR 606.2 DEG.C 
T03HTP. 617.1 DEG.C 
T04HTR 591.2 D5G.C 
TO5HTR 596.3 9EG.C 
T06HTR 601.3 DEG.C 
T37HTR 559.4 2LG.C 
T08HTR 604.2 D5G.C 
T09HTR 616.8 DEG.C 
TlOHTR 606.1 DEG.C 
T11HTR 598.7 D5G.C 
TlZHTR 601.1 DEG.C 

HEAT TO COOLER 
FLOCLR 4.51 L/MIN 
T!.IINCL 39. 9 DEG . C 

1 
2 
3 
4 
5 
6 
8 
9 

10 
11 
12 

CALCULP 
PWRIN 
QCOOLR 
QDSHPT 
EXTEFF 
TAVHTR 
INTEFF 
AMPS 1686. AMPS 
QDISPG 3. WATTS 

,TED PARAMETERS 
6242. WATTS 
3840. WATTS 
1035. WATTS 

VIBRATION 
VXlHOR 0.7 CM/S 
VYlVER11.6 CM/S 

REMOTE CALCULATIONS 
PWROUT 137 7 . WATTS 
INDPLIR 1378. WATTS 
PISTST 3.39 CM 
DISPST 2.70 CM 

DYNAMIC CALCULATIONS 
PAMPC 1762. KPA 
DISPCP 2.84 CX 
PISTCP 2.04 CM 
PDYNDB 1750. KPA 
PDLCLR****** KPA 
PDLREG****** KPA 
PDLDIS****** KPA 

TDLCL 12.34 DEG.C 
TLIOCLR 52.00 DEG.C 22.1 z 

26.4 X 
600.5 DEG.C 

PHP.SE ANGLES 
PADISP 83.9 DEG. 
PAPRES -11.0 DEG. 

T13REG*****+ DEG.C 
T14FIEG 499.6 DEG.C 
T15PEG 379.5 DE5.C 
T16REG*+**’* DEG.C 
T17REG 374.0 DEG.C 
T18REG 378.3 DEG.C 
T19REG 253.4 DZG.C 

ENGINE SPEED 
FREQ 32.1 HZ QDISP 13. WATTS 

QREG1 101. WATTS 
QREGZ 98. WATTS 

13 QREG3 31. WATTS 
14 PFP 1040.7 KPA/CM 
15 PFD 251.4 KPA/CM TO 3HED*+*;+** DEG . C 
16 NBEALE 0.00702 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003. REC 01/16/84 1 .3 : 57 :19.44 RDG 862 

FLUID HELIUM BAROM 14.332 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON 

SURFACE TEMPERATURES 
PRESUP 4030. KPA TGEXP 557.6 D1G.C TOlIITR 599.7 DEG.C FLODP 4.32 L/MIN AMPSl 401. AMPS 

TO2HTD 606.4 DEG.C APiPS2 468. AMPS 
VOLTG 1.91 VOLTS MEANBP 3998. KPA TGREGH 545.1 DEG.C T03HTR 603.2 DEG.C DEG . C 

MEANCP 4026. KPA TGREGC 79.1 DEG.C T04HTR 599.0 DEG.C DEG . C 
DEG . C TGCOilP 36.8 D X . C  TOSHTR 597.5 DEG.C 

HEAT TO DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES 

TWINDP 17.9 
TDLCP 0.85 
TC!ODPR 19.4 

TGBOUN 33.8 DEG.C T06HTR 602.2 Dc6.C 
T07HTR 578.8 DEG.C 
T08HTR 606.1 DEG.C 
TO9HTR 607.3 DEG.C 
TlOHTR 598.6 DEG.C 
TllHTR 598.4 DEG.C 

HEAT TO COOLER CALCULATED PARAMETERS 
PWRIN 1663. WATTS 

VIBRATION 
VXlHOR 0.2 
VYlVER 4 . 4  

REMOTE CALCULATIONS 
PWUOUT 355. WATTS 
INDP!.IR 36 9. ClATTS 
PISTST 1.82 CY 
DISPST 1.89 CM 

FLOCLR 4.17 
TNItICL 25. 0 
TDLCL 3.16 
TNOCLR 28.66 

L/MIN 
DEG. C 
DEG . C 
DEG . C 

1 
2 
3 
4 
5 
6 
8 
9 

10 
tt, 
i j  
14 
15 
16 

CM/S 
CM/S 

. O  DEG. 

.7 DEG. 

.9 HZ 

QCOOLR 
QDSHPT 
EXTEFF 
TAVHTR 
INTEFF 
AMFS 
QDISPG 
QDISP 
9REG1 
4REG2 
QREG3 
PFP 
PFD 
NBEALE 

915. WATTS 
256. WATTS 
21.4 X 

600.0 DEG.C 
28.0 X 
869. AMPS 

3. WATTS 
15. WATTS 

108. WATTS 

T12HTR 6132.8 DEC-.C 
PHASE ANGLES 

PADISP 80 
PAPRES -21 T13PEG****** DEG.C 

T14REG 508.6 DEG.C 
T15PLG 375.0 DEG.C 
T16PEGYZYYY* DE5.C 
T17PZG 358.6 DEG C 

DYNAMIC CALCULATIONS 

DISPCP 2.63 CM 

PDYNDB 625. KPA 
PDLCLR ** ** * KP A 

P m P c  541. KPA 

PISTCP 2.50 cn 
ENGINE SPEED 

FREQ 24 
T18PEG 352.8 DCG.C 
T19P.EG 219.7 DEG.C 

T03HED*+**’* DEG.C 

126. WATTS 
36. WATTS 

591.7 KPA/CM 
214.5 KPA/CM 
0.00764 

PDLREG*’**** KPA 
PDLDIS****** KPA 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 01/16/84 14:02:19.44 RDG 863 

FLUID HELIUM BAROM 14.332 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON 

HEAT TO DASHPOT COOLING 
FLODP 4.34 L/MIN 

POWER IN 
AMPSl 4 2 4 .  AMPS 
AMPS2 486. AMPS 

ENGINE CHARGE PRESSURE 
PRESUP 4033. KPA 

MEANBP 4004. KPA 
MEANCP 4036. KPA 

GAS TEMPERATURES SURFACE TEMPERATURES 
TGEXP 554.9 DEG.C TOlHTP. 599.6 DEG.C 

TOZHTR 605.6 DEG.C 
TGREGH 543.1 DEG.C T03HTR 602.9 DEG.C 
TGREGC 79.7 DEG.C T04HTR 597.2 DEG.C 
TGCCilP 37.6 DEG.C T05HTR 597.4 DEG.C 
TGBOUN 33.4 DEG.C T06HTX 601.3 DfG.C 

T07HTR 577.5 DEG.C 

TWINDP 17.9 DEG.C 
TDLDP 0.90 DEG.C 
TL.!’IDPR 19.4 DEG. C 

VOLTG 2.00 VOLTS 

TO8HTR 604.4 DEG.C 
TO’IHTR 606.8 DEG.C 
TlOHTR 598.5 DEG.C 
TllHTR 597.4 DEG.C 
TlZHTR 601.8 DEG.C 

HEAT TO COOLER 
- FLOCLR 4.16 L/MIN 

TYINCL 24.8 DEG.C 
TDLCL 3.42 DEG.C 
TWOCLR 28.77 DEG.C 

CALCULATED PARAMETERS 
1 PWRIN 1821. WATTS 
2 QCOOLR 987. WATTS 

VIBRATION 
VXlHOR 0.2 CM/S 
VYlVER 4.7 CM/S 

REMOTE CALCULATIONS 
PWROUT 405. WATTS 
INDPWR 4 2 4 .  MATTS 
PISTST 1.99 CM 
DISPST 2.01 CM 

3 QDSHPT 272. WATTS 
4 EXTEFF 22.3 2 
5 TAVHTR 599.2 DEG.C 
6 INTEFF 29.1 X 
8 AMPS 910. AMPS 
9 QDISPG 3. WATTS 

10 QDISP 15. WATTS 
11 QREGl 107. WATTS 
12 QREG2 127. WATTS 
13 QREG3 36. WATTS 
14 PFP 599.7 KPA/CM 
15 PFD 215.8 KPA/CN 
16 NBEALE 0.00800 

PHASE ANGLES 
PADISP 80.8 DEG. 
PAPRES -20.9 DEG. 

T13REG****** DEG.C 
T14REG 509.0 DEG.C 
T15P.EG 377.1 DEG.C 
T16REG*+W*** DEG.C 

DYNAMIC CALCULATIONS 
PAMPC 600. KPA 

ENGINE SPEED 
FREQ 24.8 HZ 

DISPCP 2.64 CM 
PISTCP 2.56 CM 
PDYNDB 664. KPA 

T17REG 357.9 DEG.C 
T18REG 352.6 DEG.C 
T19REG 220.9 DEG.C PDLCLR****** KPA 

PDLREG****** K P A  
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APPENDIX  D .  - CONTINUED.  

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 01/16/84 14:07:19.44 RDG 864 

FLUID HELIUM BAROM 14.332 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON 

HEAT TO DASHPOT COOLING 
FLODP 4.33 L/MIN 

T!.IINDP 17.9 DEG.C 
TDSDP 0.99 D5G.C 
TVOCPR 19.6 DEG.C 

POLIER IN 
P.MPS1 448. AMPS 
ARPS2 504. AMPS 
VOLTG 2.10 VOLTS 

ENGINE CHARGE PRESSURE 
PRESUP 4036. KPA 

GAS TEMPERATURES 
TGEXP 551.9 DEG.C 

TGREGH 541.5 DEG.C 
TGREGC 81.1 DEG .C 
TGCOilP 39.2 DEG.C 
TGBOUN 33.5 DEG.C 

SURFACE TEMPERATURE: 
TOlHTR 600.5 DEG.C 
TO2HTR 635.3 DEG.C 
T03HTR 604.0 DEG.C MEANBP 4009. KPA 

MLANCP 4 0 4 4 .  KPA T04HTR 596.5 DEG.C 
T05HTR 597.8 DEG.C 
T06HTR 601.2 DEG.C 
T07HTR 576.8 DEG.C 
TO8HTD 603.4 DEG.C 
T09HTR 607.4 DEG.C 
TlOHTR 599.3 DEG.C 
T11HT2 597.1 DEG.C 

REMOTE CALCULATIONS 
PC!ROUT 4 4 9. CIATTS 

HEAT TO COOLER 
FLCCLP. 4.17 LIMIN 
T!)!II{CL 24.8 DEG. C 
TELCL 3.84 DEG.C 
T!,!!ICLR 29.15 DEG.C 

CALCULATED PARAMETERS 
1 PblRIN 1999. GIATTS 
2 QCOOLR 1111. MATTS 

VIBRATION 
VXlHOR 0.2 CM/S 
VYlVER 5.1 CM/S INDPGIR 471. MATTS 

PISTST 2.15 CM 
DISPST 2.12 CM 

T12HTR 601.3 DEG.C 
3 QDSi1PT 299. WATTS 
4 EXTEFF 22.5 X 
5 TAVHTR 599.2 DEG.C 
6 INTEFF 28.8 X 
8 AMPS 953. AMPS 
9 QDISPG 3. WATTS 

10 QDISP 15. MATTS 
11 QREG1 107. WATTS 

PHASE ANGLES 
PADISP 81.0 DEG. 
PAPRES -20.0 DEG. 

T13REG***+** DEG.C 
T14REG 508.2 DEG.C 
T15PEG 376.7 DEG.C 
T16REG***’+* DEG.C 
T17REG 358.4 DEG.C 

DYNAMIC CALCULATIONS 
PRNPC 640. KPA 

ENGINE SPEED 
FREQ 24.7 HZ 

DISPCP 2.67 CM 
PISTCP 2.58 CM 
PDYNDB 738. KPA 
PDL CLS*** *** EP A 
PDLREG****** KPA 
PDLDIS****** KPA 

T18P.rG 353.4 DEG.C 
T19P.EG 221.9 DEG.C 

T03HED****** DEG.C 

12 GREG2 126. I.!P.TTS 
13 4REG3 36. NATTS 
14 PFP 592.3 KPA/CM 
15 PFD 209.2 KPA/CM 
16 NBEALE 0.00821 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003. REC 01/16/84 14:12:19.44 RDG 865 

FLUID HELIUM BAROM 14.332 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON 

HEAT TO DASHPOT COOLING POWER IN ENGINE CHAP.GE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES 
FLODP 4 . 3 4  L/MIN Anpsi 4 7 9 .  AMPS PRESUP 4040. KPA TGEXP 550.7 DEG.C TOlHTR 601.4 DEG.C 

AMPS2 526. AMPS T02HTR 605.3 DEG.C 
TWINDP 17.9 DEG. C VOLTG 2.21 VOLTS MEANBP 4014. KPA TGREGH 540.3 DEG.C T03HTR 604.8 DEG.C 
TDLCP 1.20 DEG.C MEANCP 4053. KPA TGREGC 82.5 DEG.C T04HTR 596.0 DEG.C 
TWODPR 19.7 DEG.C TGPOMP 41.1 DEG.C T05HTR 598.4 DEG.C 

TGBOUN 33.7 DEG.C T06HTR 600.9 DEG.C 
T07HTR 576.5 DEG.C 
TO8HTR 602.3 DEG.C 
T09HTR 608.6 DEG.C 

HEAT TO COOLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS TlOHTR 600.2 DEG.C 
FLOCLR 4.16 LININ 1 PCIRIN 2225. WATTS VXlHOR 0.3 CM/S PWROUT 516. WATTS T11HTR 597.2 DEG.C 
TLJINCL 24.7 DEG.C 2 QCOOLR 1228. WATTS VYlVER 5.6 CM/S INDPI,!R 547. MATTS Tl2HTR 600.7 DEG.C 
TDLCL 4.25 DEG.C 3 QDSHPT 363. WATTS PISTST 2.39 CM 
TGIOCLR 29.61 DEG.C 4 EXTEFF 23.2 X PHASE ANGLES DISPST 2.30 CM 

5 TAVHTR 599.4 DEG.C PADISP 81.9 DEG. T13REG****** DEG.C 
6 INTEFF 29.6 X PAPRES -18.8 DEG. DYNAMIC CALCULATIONS T14REG 5C8.3 DEG.C 
8 AMPS 1005. AMPS PAilPC 704. KPA Tl5PEG 376.6 DEG.C 
9 QDISPG 3. WATTS ENGINE SPEED DISPCP 2.63 CM T16REG**+U*+ DEG.C 

10 QDISP 1 4 .  WATTS FREQ 24.6 HZ PISTCP 2.61 CM T17REG 357.3 DEG.C 
11 QREG1 104. WATTS PDYNDB 807. KPA T18REG 351.2 DEG.C 
12 QDEG2 127. WATTS FDLCLR**F+** KPA T19REG 222.8 DEG.C 
13 QDEG3 35. WATTS 
14 PFP 583.6 KPA/CM 
15 PFD 199.7 KPA/CM 

PDLREG****** KPA 
PDLDIS****** KPA T03HED****** DEG.C 

16 NBEALE 0.00849 

NASA LEldIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 01/16/84 14:17:19.44 RDG 866 

FLUID HELIUM BAROM 14.332 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON 

HEAT TO DASHPOT COOLING POWER IN 
FLODP 4.33 LIMIN AMPS1 500. AMPS 

AMPS2 545. AMPS 
TGIINDP 17.9 DEG.C VOLTG 2.30 VOLTS :TLDP 1.27 DFG.C 
rAODPR 19.8 DEG.C 

ENGINE CHARGE PRESSURE 
PRESUP 4055. KPA 

MEANBP 4008. KPA 
MEANCP 4049. KPA 

GAS TEMPERATURES 
TGEXP 549.3 DEG.C 

SURFACE TEMPERATURES 
TOlHTR 602.6 DEG.C 
T02HTR 606.2 DEG.C 
T03HTR 606.7 DEG.C 
TC4HTR 596.4 DEG.C 

TGREGH 539.7 DEG.C 
TGREGC 84.1 DEG.C 
TGCOXP 42.9 DEG.C TO5HTR 600.2 DEG.C 

T06HTR 601.0 DEG.C 
T07HTR 577.2 DEG.C 

TGBOUN 34.1 DEG.C 

TOBHTR 602.1 DEG.C 
TOFHTR 610.3 DEG.C 

REMOTE CALCULATIONS TlOHTR 601.5 DEG.C 
PCIROUT 572. WATTS TllHTR 598.0 DEG.C 
INDPWR 607. WATTS TlZHTR 601.3 DEG.C 
PISTST 2.59 CM 
DISPST 2.43 CM 

T13REG****** DEG.C 
DYNAMIC CALCULATIONS T14REG 508.9 DEG.C 

PAMPC 753. KPA T15P.EG 377.5 DEG.C 
DISPCP 2.64 CM T16REG**’+*y DEG.C 
PISTCP 2.63 CM T17REG 357.0 DEG.C 

HEAT TO COOLZR 
FLOCLR 4.18 L/MIN 
TGIINCL 24.9 DEG.C 
TDLCL 4.70 DEG.C 
TLdOCLR 3 0.0 7 DEG . C 

1 
2 
3 
4 
5 
6 
8 
9 

10 
11 
12 
13 
14 
15 
16 

CALCULR 
PWRIN 
QCOOLR 
QDS HPT 
EXTEFF 
TAVHTR 
I NTEFF 
AMPS 
QDISPG 
QDISP 
QREGI 
QEEG2 
QREG3 
PFP 
PFD 
NBEALE 

.TED PARAMETERS 
2408. WATTS 
1362. WATTS 
383. WATTS 
23.8 X 

600.3 DEG.C 
29.6 X 
1045. AMPS 

3. MATTS 
14. WATTS 

102. WATTS 
128. WATTS 
35. WATTS 

579.0 KPA/CM 
196.5 KPA/CM 
0.00877 

VIBRATION 
VXlHOR 0.3 CM/S 
VYlVER 6.0 CM/S 

PHASE ANGLES 
PADISP 81.4 DEG. 
PAPRES -18.3 DEG. 

ENGINE SPEED 
FREQ 24.4 HZ 

PDYNDB 850. KPA T18REG 350.7 DEG.C 
PDLCLR****** KPA T19REG 224.4 DEG.C 
PDLEEG****** KPA 
PDLDIS****** KPA T03HED****** DEG.C 
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NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 01/16/84 14:22:19.44 RDG 867 

FLUID HELIUM BARON 14.332 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON 

HEAT TO DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES 
FLODP 4.34 LININ AtlPS1 526. AMPS PRESUP 4050. KPA TGEXP 545.6 DEG.C TOlHTR 602.7 DEG.C 

AMPS2 563. AMPS TO2HTR 604.9 DEG.C - TWINDP 17.9 DEG.C VOLTG 2.40 VOLTS MEANBP 3997. KPA TGREGH 537.7 DEG.C T03HTR 605.9 DEG.C 
TDLDP 1.39 DCG.C MEANCP 4045. %PA TGREGC 85.7 DEG.C TOGHTZ 595.0 DEG.C 
T!!ODPR 20.0 DEG. C TGCOMP 45.2 DEG.C T05!1TR 599.7 DEG.C 

TGBOUN 34.8 DEG.C TOSHTR 599.9 DEG.C 
T07HTR 575.8 DEG.C 
TOBHTR 600.1 DEG.C 
T09HTR 610.4 DCG.C 
TlOHT?. 601.5 CT5.C 
T11HTR 595.9 DEG.C 
T12HTR 599.7 DEG.C 

HEAT TO COOLER 
FLOCLR 4.17 L/MIN 

CALCULATED PARAMETERS 
P!.!RIN 2617. WATTS 
QCOOLR 1507. WATTS 
QDSHPT 420. WATTS 
EXTEFF 24.0 X 

VIBP.ATION 
VXlHOR 0.3 
VYlVER 6.5 

PHASE ANGLES 
PADISP 81. 
PAPRES -17. 

ENGINE SPEED 
FREQ 24. 

REMOTE CALCULATIONS 
PCI?.OUT 6 2 9. WATTS 
IFDPWR 668. WATTS 
PISTST 2.80 CM 
DISPST 2.57 Ctl 

DYNAMIC CALCULATIONS 
PAMPC 817. KPA 
DISPCP 2.67 CM 
PISTCP 2.68 CM 
PDYNDB 8 8 8 .  KPA 
PDLCLR**’*** KPA 
PDLREG****** KPA 
PDLDIS****** KPA 

1 cws 
CM/S TI!INCL 24.9 DEG.C 

TDLCL 5.21 DEG.C 
TL,!OCLR 3 0.6 5 DEG . C 

2 
3 
4 
5 
6 
8 
9 

10 
11 
12 
13 
14 
15 
16 

TAVHTR 599.5 DEG.C 
INTEFF 29.4 X 
AMPs 1090. AMPS 

5 DEG. 
4 DEG. 

T13REG*’**** DEG.C 
T14FEG 507.4 DEG.C 
T15REG 376.9 DSG.C 
T16PEG”*+’Y DEG.C 
T17BEG 356.9 C Z t i  C 
T18FES 350.4 DEG.C 
T19PEG 225.2 DE5.C 

QDISPG 
QDISP 
QREG1 
QP.EG2 
QREG3 
PFP 
PFD 
NSEALE 

3. IdATTS 
14. WATTS 

102. WATTS 
127. MATTS 
35. WATTS 

583.2 KPA/CM 
192.6 KPA/CM 
0.00900 

3 HZ 

T03HED**”*** DEG.C 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 01/16/84 14:27:19.44 RDG 868 

FLUID HELIUM BARON 14.332 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON 

HEAT TO DASHPOT COOLING POWER IN 
FLODP 4.34 L/NIN AMPSl 552. AMPS 

ENGINE CHARGE PRESSURE GAS TEMPERATURES 
PRESUP 4050. KPA TGEXP 542.4 DEG.C 

SURFACE TEMPERATURES 
TOlHTR 602.9 CEG.C 
TO2HTR 603.4 DEG.C 
T03l:TR 607.4 DEG.C 

AMPS2 582. AMPS 
TWINDP 17.9 DEG.C VOLTG 2.50 VOLTS 
TDLDP 1.59 DEG.C 
TWODPR 20.2 DEG.C 

MEANBP 3993. KPA TGREGH 536.1 DEG.C 
MEANCP 4043. KPA TGREGC 87.5 DEG.C T041iTR 593.6 DEG.C 

TGCWIP 47.4 DEG.C T05HTR 598.9 DEG.C 
TGSOUN 35.6 DEG.C T06HTil 599.2 DEG.C 

TO7HTR 574.0 DEG.C 
TOEHTR 598.7 DEG.C 
T09HTR 610.4 DEG.C 
TlOHTR 601.8 DXG.C 
TllHTR 596.2 DEG.C 
T12HTR 597.9 DEG.C 

HEAT TO COOLER CALCULATED PARAMETERS 
FLOCLR 4.17 L/MIN 1 PCIRIN 2836. WATTS 
T!,!INCL 25.0 DEG.C 2 QCOOLR 16 31. WATTS 
TDLCL 5.64 DEG.C 3 QDSHPT 480. WATTS 
TSIOCLR 31.16 DEG .C 4 EXTEFF 24.1 X 

5 TAVHTR 598.7 DEG.C 
6 INTEFF 29.5 X 
8 AMPS 1134. AMPS 
9 QDISPG 3. WATTS 

10 QDISP 14. WATTS 
11 9P.EC-1 101. MATTS 
12 QREG2 125. WATTS 

VIBRATION REMOTE CALCULATIONS 
VXlHOR 0.3 CM/S PWROUT 683. WATTS 
VYlVER 6.9 CM/S INDPI.!R 727. MATTS 

PISTST 2.99 Cil 
PHASE ANGLES DISPST 2.70 CM 

PADISP 82.0 DEG. 
PAPRES -16.6 DEG. DYNAMIC CALCULATIONS 

VIBRATION REMOTE CALCULATIONS 
VXlHOR 0.3 CM/S PWROUT 683. WATTS 
VYlVER 6.9 CM/S INDPI.!R 727. MATTS 

PISTST 2.99 Cil 
PHASE ANGLES DISPST 2.70 CM 

PADISP 82.0 DEG. 
PAPRES -16.6 DEG. DYNAMIC CALCULATIONS 

T13REG****** DEG.C 
T14REG 504.7 D2G.C 
T15REG 375.3 DE5.C 
T16RES’**f” DEG.C 
T17REG 356.8 DEF.C 
T18REG 350.9 DEG.C 

ENGINE SPEED 
FREQ 24.2 HZ 

PAMPC 866. KPA 

PISTCP 2.69 CM 
PDYNDB 938. KPA 
P DLCLR * ** y y  * KP A 
PDLREG****** KPA 

DISPCP 2.73 cn 

T19REG 225.8 DEG.C 

T03HED**’*** DEG.C 
13 QREG3 35. WATTS 
1 4  PFP 577.9 KPA/CM 
15 PFD 1 8 4 . 9  KPA/CM 
16 NBEALE 0.00918 

PDLDISY***’* KPA 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 01/16/84 14:32:19.46 P.DG 869 

FLUID HELIUM BARON 14.332 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON 

HEAT TO DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES 
FLODP 4.33 L/MIN AMPSl 580. AMPS PRESUP 4043. KPA TGEXP 539.8 DEG.C 

AMPS2 603. AMPS 
SURFACE TEMPERATURES 
TOlHTR 604.4 DEG.C 
TO2HTR 
TO3HTR 
T04HTR 
TO 5HTR 
T06HTR 
T07HTR 
T08HTR 
TO9HTR 

601.7 
608.6 
591.6 
597.9 
599.1 
571.7 
597.1 
610.2 
603.4 
595.8 
595.9 

DEG. C 
DEG . C 
DEG . C 

TWINDP 17.9 DEG.C VOLTG 2.61 VOLTS 
TDLDP 1.73 DEG.C 
TWODPR 20.3 DEG.C 

MEANBP 4 0 0 4 .  KPA TGREGH 535.1 DEG.C 
MEANCP 4058. KPA TGREGC 89.0 DEG.C 

TGCOllP 50.1 DEG.C 
TGBOUN 36.7 DEG.C 

DES. C 
DEG . C 
DEG . C 
DES. C 
CEG . C 
DEG. C 
DEG.C 
DEG . C 

HEAT TO COOLER CALCULATED PARAMETERS 
FLOCLR 4.18 LININ 1 PWRIN 3088. WATTS 
TllIEICL 25.1 DEG.C 2 QCOOLR 1814. WATTS 
TDLCL 6.25 DEG.C 3 QDSHPT 522. WATTS 
TL!OCLR 31.89 DEG.C 4 EXTEFF 24.3 X 

5 TAVHTR 598.1 DEG.C 
6 INTEFF 29.2 X 
8 AMPS 1183. AMPS 
9 QDISPG 3. WATTS 

10 QDISP 14. WATTS 
11 QREG1 104. WATTS 
12 QREG2 120. WATTS 
13 QREGJ 35. WATTS 
14 PFP 583.7 KPAICM 
15 PFD 187.4 KPA/CM 
16 NBEALE 0.00947 

VIBRATION 
VXlHOR 0 . 3  CM/S 
VYlVER 7.3 CM/S 

REMOTE CALCULATIONS 
PWROUT 749. WATTS 

TlOHTR 
T11HTR 
T12HTR INDPWR 797. WATTS 

PISTST 3.17 CM 
DISPST 2.74 CM PHASE ANGLES 

PADISP 83.1 DEG. 
PAPRES -15.9 DEG. 

T13REG’***** DEG.C 
T14REG 502.7 DEG.C 
T15REG 374.4 DEG.C 
T16REG****** DEG.C 
T17REG 359.6 DEG.C 
T18REG 355.3 DEG.C 
T19REG 226.8 DEG.C 

T03HED****** DEG.C 

DYNAMIC CALCULATIONS 
PAMPC 930. KPA 
DISPCP 2.80 CM 
PISTCP 2.75 CM 
PDYNDB 1013. KPA 
PDLCLR****** KPA 
PDLREG****** KPA 
PDLDIS****** KPA 

ENGINE SPEED 
FREQ 24.3 HZ 
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APPENDIX  D.  - CONTINUED.  

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 01/16/84 14:42:19.46 RDG 870 

FLUID HELIUM BAROM 14.332 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON 

HEAT TO DASHPOT COOLING POWER IN 
FLODP 4.31 L/MIN AWPS1 470. AMPS 

AMPS2 519. AMPS 
T!.!INDP 17.9 DEG.C VOLTG 2.18 VOLTS 

ENGINE CHAP.GE PRESSURE 
PRESUP 5524. KPA 

GAS TEMPERATURES 
TGEXP 560.7 DEG.C 

TGREGH 542.5 DEG.C 
TGREGC 88.0 DEG.C 
TGCOYP 40.3 DEG.C 
TGBOUN 35.2 DEG.C 

SURFACE TEMPERATURES 
TOlHTR 598.8 DEG.C 
TOZHTR 
TO3HTR 
T04HTR 
T05HTR 
T06HTR 
T07HTR 
T08HTR 
T09HTR 

607.4 
603.2 
597.9 
597.0 
600.3 
576.4 
604.5 
608.9 

DEG. C 
DEG . C 
DEG . C 
DEG . C 
DEG . C 
DEG . C 
DEG. C 
DEG. C 

MEANBP 5492. KPA 
MEANCP 5529. KPA TDLEP 1.23 DEG.C 

T:DDPR 19.8 DEG.C 

HEAT TO COOLER CALCULATED PARAMETERS 
FLOCLR 4.18 LININ 1 PL,!P.IN 2152. WATTS 
T!,!I!ICL 25.0 DEG. C 2 QCOOLR 1268. WATTS 
TELCL 4.37 DEG.C 3 CDSHPT 368. WATTS 
TI.!OCLR 29.94 DEti.C 4 EXTEFF 22.3 X 

5 TA’JHTR 599.3 DEG. C 
6 INTEFF 27.4 X 
8 P.MPS 989. AMPS 
9 QDISPG 3. WATTS 

10 CDISP 15. WATTS 
11 QREGl 103. WATTS 
12 QREG2 126. WATTS 
13 QREG3 35. WATTS 
14 PFP 819.1 KPA/CM 
15 PFD 286.5 KPA/CM 
16 NBEALE 0.00662 

VIBRATION 
VXlHOR 0.2 CM/S 
VYlVER 5.2 CM/S 

REMOTE CALCULATIONS 
PWROUT 479. CIATTS 
INDPWR 513. WATTS 
PISTST 1.78 CM 
DISPST 1.77 CM 

TlOHTR 597.6 DEG.C 
T11HTR 596.7 DEG.C 
T12HTR 602.5 DZG.C 

PHASE ANGLES 
PADISP 80.8 DEG. 
PAPRES -19.9 DEG. 

T13REG****** DEG.C 
T14REG 508.9 DEG.C 
Tl5PEG 376.9 DEG.C 
TlSEEG’*’**+ DEG.C 
T17REG 357.0 DEG.C 
T18REG 353.7 DEG.C 
T19REG 226.2 DEG.C 

TO3HED*y**** DEG.C 

DYNAMIC CALCULATIONS 
PRMPC 733. KPA 

ENGINE SPEED 
FREQ 28.8 HZ 

DISPCP 2.60 CM 
PISTCP 2.48 CM 
PDYNDB 825. KPA 
PDLCLR****** KPA 
PD LP.EG * ** * ** KP A 
PDLDIS****** KPA 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 01/16/84 14:47:25.51 RDG 871 

FLUID HELIUM BAROM 14.332 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON 

HEAT TO DASHPOT COOLING POWER IN 
FLODP 4 . 3 0  L/MIN AMPSl 5 0 8 .  AMPS 

TWINDP 18.0 DEG.C VOLTG 2.33 VOLTS 
TDLDP 1.42 DEG.C 
TWODPR 20.0 DEG. C 

Amps2 548. AMPS 
ENGINE CHARGE PRESSURE 

PRESUP 5533. KPA 

MEANBP 5503. KPA 
MEANCP 5543. KPA 

GAS TEMPERATURES 
TGEXP 5 5 7 . 4  DEG.C 

TGREGH 540.7 DEG.C 
TGREGC 90.0 DEG.C 
TGCOMP 42.5 DEG.C 
TGBOUN 35.2 DEG.C 

SURFACE 
TOlHTR 
T02HTR 
T03HTR 
T04HTR 
T05HTR 
T06HTR 
T07HTR 

TEMPERATURES 
5 9 9 . 0  DEG.C 
606.3 DEG.C 
603.6 DEG.C 
596.4 DEG.C 
596.6 DEG.C 
599.5 DEG.C 
574.2 DEG.C 

T08HTR 603.6 DEG.C 
T09HTR 609.2 DEG.C 
TlOHTR 597.7 DEG.C HEAT TO COOLER 

FLOCLR 4.17 L/MIN 
T!!INCL 24.9 DEG.C 
TDLCL 4.93 DEG.C 
TXOCLR 30.43 DEG.C 

CALCULATED PARAMETERS 
1 PWRIN 2455. WATTS 

VIBRATION 
VXlHOR 0.2 CM/S 
VYlVER 5.9 CM/S 

REMOTE CALCULATIONS 
PC!ROUT 566. WATTS 
INDPWR 604. GIATTS 

T11HTR 596.6 DEG.C 
T12HTR 600.9 DEG.C 2 QCOOLR 1427. WATTS 

3 QDSHPT 425. WATTS 
4 EXTEFF 23.0 X 
5 TAVHTR 598.6 DEG.C 
6 1)iTEFF 28.4 X 

PISTST 1.99 CM 
DISPST 1.91 CM PHASE ANGLES 

PADISP 82.0 DEG. 
PAPRES -18.9 DEG. 

ENGINE SPEED 
FREQ 28.8 HZ 

T13REG****** DEG.C 
DYNAMIC CALCULATIONS 

PAnPC 807. KPA 
T14REG 505.5 DEG.C 
Tl5REG 375.4 D K . C  
T16REG**+*** DZG.C 

8 AWPS 1056. AMPS 
9 QDISPG 3. WATTS 

10 CDISP 15. WATTS 
DISPCP 2.61 CM 
PISTCP 2.51 CM 
PDYNDB 913. KPA 

T17REG 357.0 DZti.C 
Tl8REG 352.1 DEG.C 
T19REG 226.3 DEG.C 

11 QP.EG1 102. WATTS 
’ ?  QREG2 125. WATTS 
l j  QREG3 35. WATTS 
14 PFP 805.7 KPA/CM 
15 PFD 276.0 KPA/CM 
16 NBEALE 0.00699 

PDLCLR*F**** KPA 
PDLREG****** KPA 
PDLDIS****** KPA T03HED*’**** DEG.C 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 01/16/84 14:52:19.51 RDG 872 

FLUID HELIUM BAROM 14.332 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON 

HEAT TO DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES 
PRESUP 5918. KPA TGEXP 555.5 DEG.C TOlHTR 6 0 0 . 6  TLFC;.C FLODP 4.33 L/MIN AMPSl 544. AMPS 

AMPS2 576. AMPS 
TWINDP 18.0 DEG.C VOLTG 2.47 VOLTS 
TCLDP 1.54 DEG.C 
T!iODPR 20.2 DEG.C 

_ _ _  - 
TOZHTR 606.9 DEG.C 

MEANBP 5502. KPA TGREGH 539.7 DEG.C TO3HTR 606.2 DEG.C 
MEANCP 5549. KPA TGREGC 91.9 DEG.C T04HTR 596.3 DEG.C 

TGCOMP 45.1 DEG.C T05HTR 597.6 DEG.C 
TGBOUN 35.5 DEG.C T06HTR 599.9 DEG.C 

T07HTR 573.6 DEG C 
T08HTR 603.6 DEG.C 
T09HTR 610.7 DEG.C 

VIBRATION REMOTE CALCULATIONS TlOHTR 599.5 DEG.C 
VXlHOR 0 . 3  CM/S PPIROUT 654. WATTS TllHTR 597.3 DEG.C 
VYlVER 6.6 CM/S INDFWR 694. WATTS T12HTR 601.3 DEG.C 

PISTST 2.19 CM 
PHASE ANGLES DISPST 2.05 CM 

PADISP 83.0 DEG. T13REG****+* DEG.C 
DYNAMIC CALCULATIONS T14REG 506.2 DEG.C PAPRES -17.9 DEG. 

PAMPC 901. KPA T15REG 375.3 DEG.C 
ENGINE SPEED DISPCP 2.65 cn T16REG**’YX* DEG.C 
FREQ 28.8 HZ PISTCP 2.53 CM T17REG 358.2 DEG.C 

PDYNDB 1000. KPA T18PEG 354.7 DEG.C 
PDLCLR****** KPA T19REG 228.1 DEG.C 
PDLREG****** KPA 
PDLDIS****** KPA T03HED*+**** DEG.C 

HEAT TO COOLER CALCULATED PARAMETERS 
FLOCLR 4.16 LININ 1 PWRIN 2767. WATTS 
TWINCL 24.9 DEG .C 2 QCOOLR 1625. WATTS 
TDLCL 5.63 DEG.C 3 QDSHPT 465. WATTS 
T%‘OCL?. 31.12 DEG .C 4 EXTEFF 23.6 X 

5 TAVHTR 599.4 DEG.C 
6 INTEFF 28.7 X 
8 AMFS 1120. AMPS 
9 QDISPG 3. WATTS 

10 QDISP 14. WATTS 
11 QREGl 103. WATTS 
12 QREGZ 123. WATTS 
13 QREG3 35. WATTS 

15 PFD 272.7 KPA/CM 
16 NBEALE 0.00733 

14 PFP 813.2 KPa/cn 
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APPENDIX D. - CONTINUED.  

NASA LEWIS SENSITIVITY TEST DATA 

FLUID HELIUM BARON 1 

RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 01/16/84 14:57:19.51 RDG 873 

.332 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON 

HEAT TO DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TERPERATURES 
FLODP 4.32 L/?IIN anpsi 579. AMPS PRESUP 5700. KPA TGEXP 553.0 DEG.C 

TWINDP 18.0 DEG.C VOLTG 2.60 VOLTS MEANBP 5504. KPA TGREGH 538.3 DEG.C 
‘ TDLCP 1.74 DEG.C MEANCP 5553. KPA TGEEGC 93.4 D5G.C 

TXODPR 20.4 DEG.C TC-CONP 47.8 DEG.C 
TGSOUN 36.2 DEG.C 

AMPS2 601. AMPS 
SURFACE TEMPERATURES 
TOlHTR 601.3 DLG.C 
T02HTR 606.6 DEG.C 
T03HTR 607.7 DtG.C 
T04fiTR 595.5 DEG.C 
T05i!TI? 597.8 3EG.C 
TOSHTIR 579.6 C5G.C 
T37HT2 572.5 DZG.C 
TOEHTP. 603.0 CEG.C 
T09I!TT. 611.2 DEG.C 
TlOt!TR 600.4 DEG.C 
T11HTR 597.3 CZG.C 
T12HTR 601.1 DZG.C 

HEAT TO COOLER 
FLOCLR 4.20 L/MIN 
TLlINCL 25.1 DEG.C 
TDLCL 6.30 DEG.C 
TI!OCLR 31.83 DEG.C 

CALCULATED PARAMETERS VIBRATION 
VXlHOR 0.3 
VYlVER 7.2 

REMOTE CALCULATIONS 
PI,!P.OUT 7 35. LlATTS 1 

2 
3 
4 
5 
6 
8 
9 

10 
11 
12 
13 
14 
15 
16 

PWRIN 3068. WATTS 
QCCCLR 1834. WATTS 
QDSHPT 522. WATTS 

CM/S 
CM/S 

7 DEG. 
9 DEG. 

7 HZ 

INDPII’R 780. NATTS 
PISTST 2.39 CM 
DISPST 2.17 CM EXTEFF 

TAVHTR 
INTEFF 
AMFS 1180. AMPS 
QDISPG 3. WATTS 
QDISP 14. WATTS 
QREG1 103. WATTS 
QREGZ 121. WATTS 

24.0 % 

28.6 X 
599.5 DEG.C 

PHASE ANGLES 
PADISP 83. 
PAPRES -16. 

T13REG****** DEG.C 
T14P.ZG 505.8 DEC-.C 
T15P.EG 373.5 DE6.C 

T17P.56 359.0 DEG.C 
T18RZG 356.5 DEG.C 
T17REG 229.0 DZG.C 

T03HED****** DEG.C 

T16BEG**UY*x DEG.C 

DYNAMIC CALCULATIONS 
P?.IlPC 974. KPA 
DISPCP 2.69 Cil 
PISTCP 2.57 CM 

ENGINE SPEED 
FREQ 2 8 .  

PDYNDB 1088. KPA 
?DLCLP.Y*’YY* KPA 
PDLPEGY***** KPA QP.EG3 34. WATTS 

PFP 805.5 KPA/CM 
PFD 262.4 KPA/CM 
NBEALE 0.00756 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 01/16/84 15:02:19.51 RDG 874 

FLUID HELIUM BARON 14.332 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON 

HEAT TO DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES 
FLODP 4.29 L/MIN ARPS1 615. AMPS PRESUP 5643. KPA TGEXP 549.9 DEG.C TOlHTP. 601.5 DE6.C 

AMPS2 629. AMPS TOZHTR 605.9 DEG.C 
VOLTG 2.74 VOLTS MEANBP 5508. KPA TGREGH 535.7 DEG.C TO3HTT. 608.8 DEG.C TWINDP 18.0 DEG.C 

MEANCP 5565. KPA TGREGC 96.1 DEG.C T04HTP. 594.5 DEG.C TDLDP 1.97 DEG.C 
TUODPR 20.6 DEG.C TGCOKP 50.8 DEG.C T05HTR 598.1 DEG.C 

TGSCUN 37.1 DEG.C TOGHTR 598,s DEG.C 
T07HTR 571.0 DEG.C 
TOZHTP. 601.4 DEG.C 

HEAT TO COOLER 
FLOCLR 4.20 L/MIN 
TWINCL 25.1 DEG.C 
TDLCL 7.01 DEG.C 
TPlOCLR 32.72 DEG.C 

CALCULATED PARAMETERS 
1 PWRIN 3407. WATTS 
2 QCCOLR 2041. WATTS 

VIBRATION 
VXlHOR 0.3 CM/S 
VYlVER 7.9 CM/S 

PHASE ANGLES 
PADISP 84.2 DEG. 
PAPRES -15.9 DEG. 

REMOTE CALCULATIONS 
PWTOUT 817. UATTS 
INDPWR 868. WATTS 
PISTST 2.61 Cil 
DISPST 2.31 CM 

DYNAMIC CALCULATIONS 

DISPCP 2.71 Cil 

PDYNDB 1138. KPA 
PDLCLR*YY*Y* KPA 
PDLREGY’**** KPA 
PDLDIS****Y* KPA 

PARFC 1063. 

PISTCP 2.58 CM 

TOSHTP. 611.9 DEG.C 
TlOHTR 600.8 DEG.C 
TllHTR 596.3 DEG.C 
T12HTR 600.1 DEG.C 3 

4 
5 

QDSHPT 
EXTEFF 
TRVHTR 
INTEFF 
AMPS 
QDISPG 
QDISP 
QREC-1 

588. 
24.0 

599.1 

WATTS 
X 
DEG . C 
x 
AMPS 
WATTS 
WATTS 
WATTS 
WATTS 

T13PEG’***** DEG.C 
T142EG 505.0 DE6.C 
T15FEG 374.9 DEG.C 
T16?EG*AY’+’ DrG.C 
T17EZG 359.3 DCG.C 

6 
8 
9 

10 
11 
12 
13 
1 4  

28.6 
1243. 

3. 
14. 
102. 
119. 
34. 

807.0 
253.5 
0.0077 

ENGINE SPEED 
FREQ 28.7 HZ 

T18REG 357.7 DEG.C 
T19T.EG 232.3 D X . C  QF.EG2 

QRE63 
PFP 

WATTS 
KPA/CM 
KPA/CM 
‘3 

T03HED****** DEG.C 15 
16 

PFD 
NBEALE 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003. REC 01/16/84 15:07:19.52 RDG 875 

FLUID HELIUM BARON 14.332 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON 

HEAT TO DASHPOT COOLING 
FLODP 4.30 L/MIN 

POWER IN 
AMPS1 649. AMPS 
AMPS2 651. AMPS 

ENGINE CHARGE PRESSURE 
PRESUP 5623. KPA 

MEANBP 5500. KPA 
MEANCP 5562. KPA 

GAS TEMPERATURES 
TGEX? 547.9 DEG.C 

TGREGH 535.2 DEG.C 
TGREGC 98.1 DEG.C 
TGCONP 5 4 . 0  DEG.C 
TGBOUN 38.5 DEG.C 

SURFACE TEMPERATURES 
TOlHTR 602.4 DEG.C 
TO2HTR 606.0 DEC-.C 
T03HTR 610.2 DEG.C TWINDP 18.0 DEG.C 

TDLDP 2.18 DEG.C 
TWODPR 20.8 DEG.C 

VOLTG 2.86 VOLTS 
T04HTR 594.5 DEG.C 
T05tiTR 599.1 DEG.C 
T06HTP. 599.1 DEG.C 
TO7HTR 570.5 DEG.C 
T08HTR 601.9 DEG.C 
T09HTR 613.4 DE6.C 
TlOHTR 601.8 DEG.C 
TllHTR 597.3 DEG.C 
T12HTR 600.4 DEG.C 

HEAT TO COOLER - FLOCLR 4.19 LININ 
TWINCT. 25.2 DEG.C 
TDLCL 7.72 DEG.C 
TWOCLR 33.35 DEG.C 

CALCULATED PARAMETERS 
1 PWRIN 3721. WATTS 
2 QCCOLR 2244. WATTS 
3 QDSHPT 652. WATTS 
4 EXTEFF 24.0 X 
5 TAVHTR 599.7 DEG.C 

VIBRATION 
VXlHOR 0.3 CM/S 
VYlVER 8.5 CM/S 

PHASE ANGLES 
PADISP 84.1 DEG. 
PAPRES -15.3 DEG. 

REMOTE CALCULATIONS 
PWROUT 893. WATTS 
INDPWR 947. WATTS 
PISTST 2.79 CM 
DISPST 2.43 CM 

DYNAMIC CALCULATIONS 
T13REG****** DEG.C 
T14REG 505.3 DEG.C 
T15REG 376.4 DEG.C 
T16REG+***’* DEG.C 
T17REG 359.4 DEG.C 
T18REG 357.9 CE6.C 
T19REG 234.3 9EG.C 

T03HED****** DEG.C 

6 INTEFF 28.5 X 
8 AMPS 1301. AMPS 
9 QDISPG 3. WATTS 

PAMPC 1142. KPA 
DISPCP 2.74 CM 
PISTCP 2.59 CM 

ENGINE SPEED 
FREQ 28.6 HZ 10 QDISP 14. WATTS 

11 9REG1 100. WATTS 
12 QREG2 120. WATTS 

PDYNDB 1225. KPA 
PDLCLR****** KPA 
PDLREG****** KPA 
PDLDISX***** KPA 

13 QREG3 34. WATTS 
14 PFP 811.8 KPA/CM 
15 PFD 249.2 KPA/CM 
16 NBEALE 0.00793 73 



APPENDIX  0 .  - CONTINUED. 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 01/16/84 15:12:19.57 RDG 876 

FLUID HELIUM BAROM 14.332 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON 

HEAT TO DASHPOT COOLING POWER IN 
FLODP 4.29 L/MIN AMFSl 678. AMPS 

AKPS2 673. AMPS 

ENGINE CHARGE PRESSURE GAS TEMPERATURES 
PRESUP 5655. KPA TGEXP 544.3 DEG.C 

SURFACE TEMPERATURES 
TOlHTR 603.1 DEG.C 
T02HTR 604.9 DEG.C 
TO 3HTP. 6 10.5 DCG. C 
T04HTR 593.5 D5G.C 
T05lITF. 598.7 DEG.C 
T06HTR 598.3 CEG.C 
T07HTR 569.2 D5G.C 
TCZHTR 601.1 CEG.C 
T09HTR 614.2 DEG.C 
TlOHTP. 602.4 DEG.C 
T11HTR 597.6 DEG.C 
T12HTR 598.7 DEG.C 

MEANBP 5515. KPA TGREGH 534.2 DEG.C 
MEANCP 5587. KPA TGRZGC 101.1 D5G.C 

TGCOXP 57.5 DEG.C 
TYINDP 18.0 DEG.C 'IOLTG 2.97 VOLTS 
TDL!?P 2.44 DEG.C 
T!.!OCPR 21.1 DEG.C TGaOUN 39.8 DEG.C 

VIBRATION 
VXlHOR 0 . 4  CM/S 
VYlVER 9.0 CM/S 

PHASE ANGLES 
PADISP 82.7 DEG. 
PAPP.ES -14.6 DEG. 

REMOTE CALCULATIO!IS 
PG!ROUT 965. ClATTS 
INDPWR 10 19 . WATTS 
PISTST 2.99 CTI 
DISPST 2.55 CM 

HEAT TO COOLER CALCULATED PARAMETERS 
FLOCLR 4.20 L/MIN 1 PLJRIN 4017. WATTS 
T!!ItICL 25.2 DEG.C 2 QCCOLR 2473. CIATTS 
TDLCL 8.49 DEG.C 3 QDSHPT 729. WATTS 
T!!OCLR 34.20 DEG.C 4 EXTEFF 24.0 x 

5 TAVHTR 599.3 DEG.C T13REG*'**** DEG.C 
T14REG 503.6 DEG.C 
T15PZG 375.5 DEG.C 
T16REG**"*'x DEG.C 
T17REG 363.4 DZG.C 
T18P.EG 359.0 DEG.C 
T19DEG 235.8 DEG.C 

T03HED**'*** DEG.C 

7:19.57 RDG 877 

DYNAMIC CALCULATIONS 
FAMPC 1211. KPA 
DISPCP 2.79 CM 8 ANPS 1351. 

9 QDISPG 3. 
10 QDISP 14. 
11 QP.EG1 100. 
12 QP.EG2 117. 
13 QF.EG3 34. 
14 PFP 809.8 
15 PFD 240.9 

AMPS 
WATTS 
WATTS 
WATTS 
WATTS 
WATTS 
KPA/CM 
KPA/CM 

ENGINE SPEED 
FREQ 28.4 HZ PISTCP 2.56 CM 

PDY!(DB 1263. KPA 
PDLCLR***'** KPA 
PDLEEG****X* KPA 
PDLDIS****** KPA 

ii  N~EALE o.00802 

SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 01/16/84 15:l NASA LEWIS 

FLUID HELIUM BAROM 14.332 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON 
ENGINE CHAP.GE PRESSL'RE GAS TEMPERATURES 

AMPSl 710. AMPS PRESUP 5643. KPA TGEXP 541.6 DEG.C 
AMPS2 698. AMPS 

HEAT TO DASHPOT COOLING POWER IN 
FLODP 4.27 L/I'IIN 

TWINDP 18.0 DEG.C VOLTG 3.10 VOLTS MEANBP 5502. KPA TGREGH 534.2 DEG.C 
MEANCP 5583. KPA TGREGC 104.1 DEG.C 

TGCOMP 60.3 DEG.C TDLDP 2.67 DEG.C 
TGBOUN 41.3 DEG.C TL!ODPR 21.4 DEG. C 

SURFACE 
TOlHTR 
T02HTR 
T03HTR 
T04HTR 
T05HTR 
T06HTR 
T07HTR 
T 0 8 HTR 
TO 9HTR 
TlOHTR 
T1 lHTR 
Tl2HTR 

TEMPERATURES 
605.2 DEG.C 
602.6 DEG.C 
611.6 DEG.C 
59I.6 DEG.C 
596.5 DEG.C 
599.2 DEG.C 
565.8 DEG.C 
601.7 DEG.C 
613.7 DEG.C 
604.1 DEG.C 
598.4 DEG.C 
596.9 DEG.C 

HEAT TO COOLER 
FLOCLR 4.21 
TLIINCL 25.3 
TDLCL 9.38 
TIJOCLR 35.17 

CALCULATED PARAMETERS 
1 PWRIN 4369. WATTS 
2 OCOOLR 2740. WATTS 
3 QDSHPT 792. WATTS 

VIBRATION 
VXlHOR 0 . 4  CM/S 
VYlVER 9.7 CW.5 

REMOTE CALCULATIONS 
PWROUT 1049. WATTS 
INDPCIR 11 0 1 . PlATTS 
PISTST 3.20 CM 
DISPST 2.58 CM 

L/MIN 
DEG . C 
DEG.C 
DEG . C PHASE ANGLES 

PADISP 8 4 . 0  DEG. 
PAPRES -13.7 DEG. 

4 EXTEFF 24.0 X 
5 TAVHTR 598.9 DEG.C 
6 INTEFF 27.7 x 

T13REG****** DEG.C 
T14REG 499.6 DEG.C 
T15REG 371.9 DEG.C 
T16REG*'**'* DEG.C 
T17REG 367.7 DEG.C 
T18REG 363.3 DEG.C 

8 AMPS 1408. AMPS 
9 QDISPG 3. ClATTS 

10 QDISP 14. GlATTS 
11 QREG1 104. 1,IATTS 
12 QP.EG2 111. WATTS 
13 QREG3 33. WATTS 
14 PFP 811.9 KPAICM 
15 PFD 240.9 KPA/CM 
16 NBEALE 0.00817 

ENGINE SPEED 
FREP 28.4 HZ 

T19REG 235.4 DEG.C 

T03HED****** DEG.C 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 01/16/84 15:22:19.57 RDG 878 

FLUID HELIUM BAROM 14.332 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON 
GAS TEMPERATURES 
TGEXP 540.1 DEG.C 

SURFACE TEMPERATURES 
TOlHTR 606.6 DEG.C 
T02HTR 603.3 DEG.C 
T03HTR 613.5 DEG.C 
T04HTR 591.7 DEG.C 

ENGINE CHARGE PRESSURE 
PRESUP 5619. KPA 

MEANBP 5511. KPR 
MEANCP 5595. KPA 

HEAT TO DASHPOT COOLING POWER IN 
FLODP 4.26 LININ AMPSl 739. AMPS 

AMPS2 720. AMPS 
TI,!INDP 17.9 DEG .C VOLTG 3.22 VOLTS 
TDLDP 2.93 DEG.C 
TPiODPR 21.6 DEG.C 

TGREGH 533.9 DEG.C 
TGREGC 106.2 DEG.C 
TGCOMP 63.7 DEG.C 
TGBOUN 42.5 DEG.C 

T05HTR 598.5 DEG.C 
TOLHTR 599.9 DEG.C 
T07HTR 565.4 DEG.C 
TOEHTR 602.5 DEG.C 
T09HTR 615.0 DEG.C 
TlOHTR 605.5 DEG.C REMOTE CALCULATIONS 

PWROUT 1112. WATTS 
INDPWR 1165. GlATTS 
PISTST 3.39 CM 
DISPST 2.62 CM 

HFlnT TO COOLER CALCULATED PARAMETERS 
1 PWRIN 4694. WATTS 
2 QCOOLR 3002. WATTS 
3 QDSHPT 869. WATTS 
4 EXTEFF 23.7 x 
5 TAVHTR 599.9 DEG.C 
6 INTEFF 27.0 x 
8 AMPS 1458. !'.PIPS 
9 QDISPG 3. WATTS 

10 QDISP 14. WATTS 
11 QREG1 102. WATTS 
12 QREG2 111. WATTS 
13 QREG3 33. WATTS 
14 PFP 817.9 KPA/CM 

VIBRATION 
VXlHOR 0.3 CM/S 
VYlVER10.2 CM/S 

PHASE ANGLES 
PADISP 8 4 . 6  DEG 
PAPRES -13.0 DEG 

TllHTR 599.4 DEG.C 
TlPHTR 597.7 DEG.C 

~~ 

FLOCLR 4.23 L/MIN 
TWINCL 25.2 DEG.C 
TDLCL 10.22 DEG.C 
TWOCLR 35.97 DEG.C T13REG****** DEG.C 

Tl4REG 501.2 DEG.C 
T15REG 374.4 DEG.C 
T16REG***'** DEG.C 
T17P.EG 368.3 DEG.C 
Tl8REG 364.4 DEG.C 
T19REG 238.5 DEG.C 

T03HED****** DEG.C 

DYNAMIC CALCULATIONS 
PAMPC 1393. KPA 

ENGINE SPEED 
FREQ 28.3 HZ 

DISFCP 2.81 CM 
PISTCP 2.58 CM 
PDYNDB 1425. KPA 
PDLCLR****** KPA 
PDLREG****** KPA 
PDLDIS****** KPA 

15 PFD 240.5 KPA/CM 
16 NBEALE 0.00817 7 4  ORIGINAL PAGE IS 
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I NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 01/19/84 12:35:29.83 RDG 909 

FLUID HELIUM BARON 14.450 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON 

HEAT TO DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES 
FLODP 4.11 L/MIN AilPSl 520. AMPS PRESUP 7093. EPA TGEXP 420.9 DEG.C 

. TWIHDP 17.4 DEG.C VOLTG 2.25 VOLTS MEANBP 7011. KPA TGXEGH 402.3 DEG.C 
TDLDP 1.22 DEG.C MEANCP 7039. KPA TGREGC 80.3 DEG.C 
T51ODPR 19.2 D9G.C TGCCMP 43.3 DEG.C 

TGBOUN 32.5 DEG.C 

AMPSZ 521. m p s  

HEAT TO COOLER 
FLOCLR 4.14 L/MIN 
T!,IIt(CL 25.1 DEG. C 
TDLCL 5.28 CEG.C 
TL13CLR 30.71 DEG.C 

1 
2 
3 
4 
5 
6 
8 
9 

10 
11 
12 
13 
14 
15 
16 

CALCULATED PARAMETERS 
P!,!RIN 2338. WATTS 
QCOOLR 1518. WATTS 
QDSHPT 350. WATTS 
EXTEFF 19.8 X 
TAVHTR 450.2 DEG.C 
ItITEFF 23.4 X 
AMPS 1041. AMPS 
QDISPG 2. WATTS 
QDISP 11. WATTS 
GP.EG1 84. WATTS 
GREG2 77. WATTS 
@REG3 25. WATTS 
PFP 993.5 KPA/CM 
PFD 245.7 KPA/CM 
NBEALE 0.00452 

VIBRATION 
VXlHOR 0.3 CM/S 
VYlVER 6.2 C W S  

PHASE ANGLES 
PADISP 87.6 DEG. 
PATRES -13.1 DEG. 

ENGINE SPEED 
FREQ 31.6 HZ 

REMOTE CALCULATIONS 
FWROUT 46 3. L,!ATTS 
INDPWR 46 1. L*!ATTS 
PISTST 1.80 Ctl 
DISPST 1.68 CM 

DYNAMIC CALCULATIONS 
PAMPC 910. KPA 
DISPCP 2.60 Cil  
PISTCP 2.36 C?l 
PDYI{DB 1063. KPA 
PDLCLR****** I.:PA 
PDLREG*Y*Y** KP4 
PDLDIS * ** * ** KP A 

SURFACE 
TO1HTR 
TO2HTR 
TO3HTR 
T04HTR 
TO5HTR 
TO 6KT4 
T07HTR 
TOSklTX 
TOSIKR 
TlOIITR 
T11HTR 
T12HTR 

TEMPERATURES 
453.9 DE5.C 
456.7 D9G.C 
458.1 DEG.C 
448.1 DE5.C 
445.7 DEC-.C 
452.8 DE5.C 
423.7 DES.C 
455.8 DE5.C 
4 5 9 . 0  D35.C 
450.0 DEti.C 
447.1 DZ5.C 
454.2 D3G.C 

DEG . C 
DZ5 . C 
DEG. C 
DEG. C 
DE5 . C 
CIS. C 
DZS . C 

T03HED**y*** DEG.C 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 01/19/84 12:40:20.83 RDG 910 

FLUID HELIUM BAROM 14.445 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON 

HEAT TO DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES 
FLODP 4.10 L m I N  AMPS1 556. AMPS PRESUP 7096. KPA TGEXP 418.9 DEG.C 

TWINDP 17.3 DEG. C VOLTG 2.38 VOLTS MEANBP 6998. KPA TGREGH 399.9 DEG.C 
TDLDP 1.41 DEG.C FIEANCP 7032. KPA TGREGC 82.9 DEG.C 
TXIDPR 19.4 DEG.C TGCOIIP 45.9 DEG.C 

TGBOUN 32.9 DEG.C 

AMPS2 547. AEPS 

HEAT TO COOLER 
FLOCLR 4Ti6 LOIIN 
TYIXCL 25.2 DEG.C 
TDLCL 5.97 DEG.C 
TLJOCLR 31.38 DEG.C 

CALCULATED PARAMETERS 
1 PLJRIN 2625. WATTS 
2 QCOOLR 1723. WATTS 
3 QDSHPT 402. WATTS 
4 EXTEFF 19.8 X 
5 TAVHTR 449.7 DEG.C 
6 INTEFF 23.2 Z 
8 AnPS 1103. AMPS 
9 QDISPG 2. WATTS 

10 QDISP 11. WATTS 
11 QREGl 82. WATTS 
I ?  QREG2 77. WATTS 
1 5  QREG3 25. WATTS 
14 PFP 993.8 KPA/CM 
15 PFD 235.5 KPAICM 
16 NaEALE 0.00460 

VIBRATION 
VXlHOR 0.3 CM/S 
VYlVER 6.9 C W S  

PHASE ANGLES 
PADISP 88.3 DEG. 
PAPRES -12.0 DEG. 

ENGINE SPEED 
FREQ 31.5 HZ 

REMOTE CALCULATIONS 
PWROUT 520. CIATTS 
INDPWR 517. WATTS 
PISTST 2.00 CM 
DISPST 1.78 CM 

DYNAMIC CALCULATIONS 
PAMPC 1009. KPA 
DISPCP 2.60 CN 

PDYtIDB 1125. KPA 
PDLCLR * *** * * KP A 
PDLREGY***** KPA 

PISTCP 2.38 cn 

SURFACE 
TOlHTi? 
TO2;ITR 
T03HTR 
T04tiTR 
T051lTR 
T06iiTR 
T07HTR 
TOSHTR 
T09liTR 
TlOIITR 
TllflTR 
T12HTR 

TEMPERATURES 
450.2 CEG.C 
456.6 DEG.C 
457.9 DEG.C 
447.5 DEG.C 
445.7 DEG.C 
451.7 CE5.C 
422.6 DZG.C 
454.9 DZG.C 
459.7 DEG.C 
449.3 DEG.C 
446.4 DES.C 
453.6 DEG.C 

T13REGY’**** DEG.C 
T14REG 377.0 DZG.C 
T15FEG 282.7 CZG.C 

DEC-. C T16P3GY4fxx* 
T17PEG 273.5 DEG.C 
T18REG 282.3 D3G.C 
T19REG 181.6 DEG.C 

T03HED”YY** DEG.C 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST DO039 REC 01/19/84 12~45~23.83 RDG 911 

FLUID HELIUM BARON 14.445 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON 

HEAT TO DASHPOT COOLING 
FLODP 4.09 L/MIN 

TWINDP 17.0 DEG.C 
TDLDP 1.59 DEG.C 
TWODPR 19.2 DEG.C 

HEAT TO COOLER 
FLOCLR 4.16 L/MIN 
TWIliCL 25.2 DEG.C 
TDLCL 6.70 DEG.C 
TWOCLR 32.22 DEG.C 

POWER IN 
AMPS1 591. AMPS 
ANPS2 574. AMPS 
VOLTG 2.51 VOLTS 

CALCULATED PARAMETERS 
1 PWRIN 2928. WATTS 
2 QCOOLR 1933. WATTS 
3 QDSHPT 452. WATTS 
4 EXTEFF 19.6 X 
5 TAVHTR 450.1 DEG.C 
6 INTEFF 22.9 X 
8 AMPS 1164. AMPS 
9 GDISPG 2. WATTS 

1 0  QDISP 10. WATTS 
11 QREG1 79. WATTS 
12 QREGZ 78. WATTS 
13 QREG3 24. WATTS 
14 PFP 990.0 KPA/CM 
15 PFD 224.5 KPA/CM 
16 NBEALE 0.00462 

ENGINE CHARGE PRESSURE 
PRESUP 7094. KPA 

MEANBP 6999. KPA 
MEANCP 7031. KPA 

VIBRATION 
VXlHOR 0.3 CM/S 
VYlVER 7.6 CM/S 

PHASE ANGLES 
PADISP 88.6 DEG. 
PAPRES -11.1 DEG. 

ENGINE SPEED 
FREQ 31.4 HZ 

75 

GAS TEMPERATURES 
TGEXP 417.1 DEG.C 

TGREGH 398.5 DEG.C 
TGREGC 85.7 DEG.C 
TGCOMP 49.0 DEG.C 
TGBOUN 33.5 DEG.C 

REMOTE CALCULATIONS 
PWROUT 573. WATTS 
INDPWR 567. WATTS 
PISTST 2.20 CM 
DISPST 1.89 CM 

DYNAMIC CALCUL 
PAMPC 1102. 
DISPCP 2.60 
PISTCP 2.38 
PDYNDB 1213. 
PDLCLR****** 
PDLREG****** 
PDLDIS****** 

,ATIONS 
KPA 
CM 
CM 
KPA 
KPA 
KPA 
KPA 

SURFACE 
TOlHTR 
TO2HTR 
T03HTP. 
T04HTR 
T05HTR 
T06HTR 
T07HTR 
T 0 8 HTR 
TO 9HTR 
TlOHTR 
T11HTR 
TlPHi‘R 

TEMPERATURES 
450.9 DEG.C 
457.2 DEG.C 
458.6 DEG.C 
447.3 DEG.C 
4 4 7 . 2  DEG.C 
451.7 DEG.C 
421.8 DEG.C 
455.0 DEG.C 
461.0 DLG.C 
449.9 DEG.C 
446.7 DEG.C 
453.8 DEG.C 

T13REG****** DEG.C 
T14REG 377.4 DEG.C 
T15REG 284.3 DEG.C 
T16REG*”’** DEG.C 
T17REG 274.7 DEG.C 
Tl8REG 281.6 DEG.C 
Tl9REG 184.2 DEG.C 

T03HED****** DEG.C 
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NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST ~ 0 0 3 ,  REC 01/19/84 i2:50:20.83 RDG 912 

FLUID HELIUM BAROM 14.445 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON 

HEAT TO DASHPOT COOLING 
FLODP 4 . 0 8  L/MIti 

POWER IN 
AMPS1 625. AMPS 
AMPS2 603. AMPS 

ENGINE CHARGE PRESSURE GAS TEMPERATURES 
PRESUP 7102. KPA TGEX? 414.5 DEG.C 

MEANBP 7012. KPA TGREGH 396.7 DEG.C 

SURFACE TEMPERATURES 
TOlHTR 450.9 DEG.C 
TOZHTR 
T03HTR 
T04HTR 
T05HTR 
T06HTR 
T07HTR 
T08HTR 
T09HTR 

456.8 DEG.C 
458.8 DEG.C 
446.5 DEG.C 

TWINDP 16.9 DEG.C 
TDLCT 1.73 DEG.C 
TblODTR 19.4 DEG.C 

VOLTG 2.65 VOLTS 
MEANCP 7050. KPA TtiREGC 88.6 DEG.C 

TGCOll? 52.4 DEG.C 
TGBOUti 34.1 DEG.C 

446.9 DEG.C 
451.1 DEG.C 
4 2 0 . 2  DEG.C 
454.5 DEG.C 
461.6 CEG.C HEAT TO COOLER 

FLOCLR 4.15 L/MIN 
TLIINCL 25.4 DEG.C 

CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS 
VXlHOR 0 . 4  CM/S FLIROUT 618. MATTS 
VYlVER 8.2 CM/S INDPWR 619. WATTS 

PISTST 2 . 4 0  CM 
PHASE ANGLES DISPST 2 .00  CPl 

TlOHTR 450.1 GEG.C 
T11HTR 446.4 DEG.C 
TlPHTR 453.1 DEG.C 

1 PRRIN 3251. MATTS 
2 QCOOLR 2181. WATTS 
3 QDSHPT 491. WATTS 
4 EXTEFF 19.0 X 
5 TAVHTR 449.7 DEG.C 

TDLCL 7.57 DEG.C 
TLJOCLR 33.08 DEG.C 

PADISP 88.7 DEG. 
PAPRES -10.3 DEG. DYNAMIC CALCULATIONS 

PAMFC 1153. KPA 
ENGINE SPEED DISPCP 2.61 CM 

FREQ 31.3 HZ PISTCP 2.39 C n  

T13REG****** DEG.C 
T14REG 376.0 DEG.C 
T15REG 284.5 DEG.C 
T16REG*’f+”* DEG.C 
T17REG 273.5 DEG.C 
T18REG 281.9 DEG.C 

6 INTEFF 22.1 
X - -  ~ 

8 AMPS 1227. AMPS 
9 QDISPG 2. WATTS 

10 QDISP 10. NATTS 
11 QREG1 78. WATTS 
12 QPEG2 76. WATTS 
13 QREG3 2 4 .  NATTS 
14 PFP 949.7 KPA/CM 
15 PFD 206.1 KPA/CM 
16 NBEALE 0.00457 

T19REG 185.8 DEG.C 

T03HED****+* DEG.C PDLDIS***“** KPA 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 01/19/84 12:55:26.94 RDG 913 

FLUID HELIUM BARON 14.445 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON 

POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES 
PRESUP 7106. KPA TGEXP 411.3 DEG.C TOIHTR 451.7 l3EG.C FLODP 4.09 L/MIN AMPSl 658. AnPS 

ANTS2 630. AMPS TCZHTR 455.0 DEG.C 
TWINDP 16.9 DEG.C VOLTG 2.78 VOLTS MEANBP 6994. KPA TGREGH 396.4 DEG.C T03HTR 458.7 DEG.C 

MEANCP 7034. KPA TGREGC 92.0 DEG.C T04HTR 445.0 DEG.C TDLDP 1.92 DEG.C 
TWODPR 19.5 DEG.C TGCCMP 56.7 DEG.C T05HTR 445.5 DEG.C 

HEAT TO DASHPOT COOLING 

TGBOUN 35.0 DEG.C TO6HTR 451.1 DllG.C 
T07HTR 417.4 DEG.C 
T08HTR 4 5 4 . 4  DEG.C 
T09HTR 461.7 DEG.C 

AT TO COOLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS TlOHTR 450.6 DEG.C 
4 PWRIN VXlHOR 0 . 4  CM/S T11IiTR 447.0 DEG.C 

2 QCOOLR VYlVER 8.8 CM/S TlPHTR 451.3 DEG.C 25.4 
8.37 3 QDSHTT 

34.05 4 EXTEFF 
TAVHTR 449.i DEG.C 

AMPs 1288. AMPS 
INTEFF 21.5 X 

QDISPG 2. WATTS 
QDISP 10. WATTS 
$REG1 78. WATTS 
QREG2 
QREG3 

14 PFP 
15 PFD 
16 NBEALE 

L/MIN 1 3583. WATTS 
2427. WATTS 
546. WATTS 
18.5 x 

PWROUT 663. WATTS 
INDPWR 662. WATTS 
PISTST 2.60 CM 

PHASE ANGLES DISPST 2.11 CM 
5 
6 
8 
9 

10 
11 
12 
13 

PADISP 
PAPRES 

ENGINE SP 
FREQ 

87.4 DEG. 
-9.6 DEG. 

‘EED 
31.1 HZ 

DYNAMIC CALCULATIONS 
PAMFC 1206. KPA 
DISPCP 2.62 CM 
PISiCP 2.39 CM 
PDi’!lDB 1363. KPA 
PDLCLR****** KPA 

T13REG****** 
T14REG 373.1 
T152EG 281.1 

T17RZG 276.3 
T18REG 280.5 
T19REG 184.5 

T03HED****** 

T’6REG*+Y*’* 

DEG . C 
DEG . C 
DEG.C 
DEG. C 
DEG. C 
DEG . C 
DEG . C 
DEG . C 

75. WATTS 
24. WATTS 

191.0 KPA/CM 
0.00456 

922.8 KPA/CM 
PDLREG****** KPA 
PDLDIS****** KPA 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST DOOX, REC 01/19/84 13:00:20.94 RDG 914 

FLUID HELIUM BARON 14.445 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON 

HEAT TO DASHPOT COOLING POWER IN 
FLODP 4.09 LININ AMPSl 690. AMPS 

ENGINE CHARGE PRESSURE GAS TEMPERATURES 
PRESUP 7103. KPA TGEXP 409.9 DEG.C 

SURFACE TEMPEEATURES 
TOlHTR 452.2 DEG.C 
TOZHTR 455.1 DEG.C 
TO3HTR 459.6 DEG.C 
TO4HTR 444.5 DEG.C 
T05HTR 446.0 DEG.C 
T06HTR 451.0 DEG.C 

AMPS2 659. AMPS 
TWINDP 17.0 DEG.C VOLTG 2.92 VOLTS 
TDLDP 2.15 DEG.C 
TWODPR 19.8 DEG.C 

MEANBP 7012. KPA TGREGH 395.8 DEG.C 
MEANCP 7054. KPA TGREGC 95.1 DEG.C 

TGCOMP 60.7 DEG.C 
TGBOUN 35.9 DEG.C 

T07HTR 416.4 DEG.C 
TOIHTR 454.3 DEG.C 
T09HTR 462.6 DEG.C 
TlOHTR 451.2 DEG.C 
TllHTR 447.2 DEG.C 
TlZHTR 451.3 DEG.C 

HEAT TO COOLER CALCULATED PARAMETERS 
FLOCLR 4.18 L/MIN 1 PWRIN 3934. WATTS 
TWINCL 25.5 DEG.C 2 QCOOLR 2718. WATTS 
TDLCL 9.38 DEG.C 3 QDSHPT 612. WATTS 

5 TAVHTR 449.3 DEG.C 
6 INTEFF 20.6 X 
8 AMPS 1349. AMPS 
9 QDISPG 2 .  L!ATTS 

10 QDISP 10. WATTS 
11 QREGl 76. WATTS 
12 QREG2 75. WATTS 
13 QREG3 23. WATTS 
14 PFP 914.1 KPA/CM 
15 PFD 179.3 KPA/CM 
16 NBEALE 0.00451 

TWOCLR 35.03 DEG.C 4 EXTEFF 18.0 x 

VIBRATION REMOTE CALCULATIONS 
VXlHOR 0 . 4  CM/S FWROUT 706. WATTS 
VYlVER 9.4 CM/S INDPWR 7 0 2 . MATTS 

PISTST 2.80 CM 
PHASE ANGLES DISFST 2.22 cn 
PADISP 87.5 DEG. 
PAPRES -8.9 DEG. DYNAMIC CALCULATIONS 

PAMPC 1285. KPA 
ENGINE SPEED DISPCP 2.69 CM 

FREQ 31.1 HZ PISTCP 2.38 CM 
PDYNDB 1488. KPA 
PDLCLR****** KPA 
P DL?.EG ** ** ** KP A 
PDLDIS****** KPA 
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T13REG****** DEG.C 
T14REG 373.5 DEG.C 
T15REG 282.5 DEG.C 
T16REG*”*** DEG.C 
T17REG 278.3 DEG.C 
T18REG 281.6 DEG.C 
T19REG 187.5 DEG.C 

T03HED****** DEG.C 
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APPENDIX D. - CONTINUED. 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 01/19/84 13:05:21.01 P.DG 915 

FLUID HELIUM BARON 14.445 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON 

{EAT TO DASHPOT COOLING 
FLODP 4.06 L/NIN 

POWER IN 
AMPSl 737. AMPS 
A W S 2  695. AMPS 
VOLTG 3.11 VOLTS 

ENGINE CHARGE PRESSURE 
PRESUP 7106. KPA 

MEANBP 6998. KPA 
MEANCP 7043. KPA 

GAS TEMPERATURES SURFACE TEMPERATURES 
TGEXP 405.7 DEG.C TOlHTR 454.4 DEG.C 

T02f1TR 456.2 DEG.C 
TGREGH 394.6 DEG.C TO3HTP. 461.7 DZG.C 
TGREGC 98.1 DEG.C T04HTR 445.3 DZG.C 
TGCOllP 64.5 DEG.C T05HTR 445.3 DEG.C 
TGBOUN 36.9 DEG.C T06tiTR 452.6 DEG.C 

T07HTR 415.5 CEG.C 
T08HTR 455.7 DEG.C 

TWINDP 17.0 DEG.C - TDLDP 2.30 DZG.C 
TWODPR 19.9 DEG.C 

TO'I:iTR 465.3 DZG.C 
REKOTE CALCULATIONS TlOHTR 453.1 9EG.C 

PWROUT 743. WATTS T11HTR 448.9 DEG.C 
INDPXR 732. RATTS T12HTR 452.0 DEG.C 
PISTST 2.99 CM 

* HEAT TO COOLER CALCULATED PARAMETERS 
1 PWRIN 4448. WATTS 

VIBRATION 
VXlHOR 0.5 CM/S 
VYlVER10.0 CM/S 

FLOCLR 4.20 L/MIN 
TWIXCL 25.5 DEG.C 
TDLCL 10.29 DEG.C 

2 QCOOLR 2998. WATTS 

4 EXTEFF 16.7 % 
5 TAVHTR 450.6 DEG.C 
6 INTEFF 19.9 % 
8 ANFS 1432. NIPS 
9 QDISPG 2. WATTS 

10 QDISP 10. WATTS 
11 QREGl 74. WATTS 
12 QREG2 74. WATTS 
13 QREG3 23. WATTS 
14 PFP 923.9 K?A/CM 
15 PFD 168.2 KPA/CM 
16 NBEALE 0.00445 

3 QDSHTT 651. WATTS 
TWOCLR 35.91 DEG.C PHASE ANGLES 

PADISP 87.4 DEG. 
PAPRES -8.1 DEG. 

DISPST 2.32 Cil 
DEG . C 
DEG. C 
DT'G . C 
DEG. C 
DEG. C 
DEG.C 
DES.C 

DEG . C 

DYNAMIC CALCULATIONS 
PAYPC 1388. !:PA 
DISPCP 2.71 CM ENGINE SPEED 

FREQ 31.0 HZ PISTCP 2.35 CM 
PDYliDB 1538. }:PA 
PDLCLR****** KPA 
PDLREG ** * * * I< P A 
FDLDIS****** KPA 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 01/19/84 13:17:24.01 RDG 916 

FLUID HELIUM BAROM 14.445 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON 

HEAT TO DASHPOT COOLING POWER IN 
FLODP 4.03 L/MIN AMPSl 742. AMPS 

AIlPS2 717. AMPS 
TWINDP 17.1 DEG.C VOLTG 3.19 VOLTS 
TDLDP 2.60 DEG.C 
TWODPR 20.5 DEG.C 

ENGINE CHARGE PRESSURE 
PRESUP 7110. KPA 

MEANBP 7016. KPA 
MEANCP 7059. KPA 

GAS TEMPERATURES 
TGEX? 406.1 DEG.C 

SURFACE TEMPERATURES 
TOlHTR 455.6 DEG.C 
T02HTR 456.5 DEG.C 
T03HTR 462.7 DEG.C TGREGH 395.8 DEG.C 

TGREGC 102.3 DEG.C 
TGCCN? 69.4 DEG.C 
TGBOUN 39.1 DEG.C 

T04HTR 445.1 DEG.C 
T05HTR 447.9 DEG.C 
TO06HTR 453.1 DEG.C 
T07HTR 415.3 DEG.C 
TOZHTR 456.4 CEG.C 
T09HTR 466.4 DEG.C 
TIOHTR 454.2 DEG.C 
TllHTR 449.9 DEG.C 

HEAT TO COOLER 
FLOCLR 4.20 L/MIN 
TWINCL 25.6 DEG.C 
TDLCL 11.58 DEG.C 
TWOCLR 37.42 DEG.C 

CALCULATED PARAMETERS 
1 PWRIN 4657. WATTS 
2 QCOOLR 3372. WATTS 
3 QDSHPT 730. WATTS 
4 EXTEFF 16.4 Z 
5 TAVHTR 451.3 DEG.C 
6 INTEFF 18.5 % 

VIBRATION 
VXlHOR 0 . 4  CM/S 
VYlVER10.5 CM/S 

REMOTE CALCULATIONS 
PWROUT 764. WATTS 
INDPCJR 7 54 . UATTS 
PISTST 3.19 CM 
DISPST 2.43 CM 

T12HTR 452.4 DEG.C 
PHASE ANGLES 
PADISP 87.0 DEG. 
PAPRES -7.5 DEG. 

ENGINE SPEED 
FREQ 31.0 HZ 

T13PEGF*+X** 
T14TEG 374.1 
T15REG 284.6 
T16EZG'+'4** 
T172EG 252.5 
T18REG 281.8 
TlPREG 193.1 

DEG . C 
EEG. C 
DEG. C 
DEG. C 
DEG . C 
DZG. C 
DEG. C 

DYNAMIC CALCULATIONS 
PAMPC 1585. KPA 
DISPCP 2.72 CM 
PISTCP 2.23 CM 
PD'INDB 1600. KPA 
FDLCL?.****** EPA 

8 
9 

10 
11 
12 
13 
14 
15 
16 

AMPS 
QDISPG 
QDISP 
$REG1 
QREG2 
QREG3 
PFP 
PFD 
NBEALE 

14591 AMPS 
2. WATTS 
10. WATTS 
72. WATTS 
75. WATTS 
23. WATTS 

990.6 KPA/CM 
171.3 KPA/CM 
0.00428 

PDXEG****** KPA 
PDLDIS*Y**** KPA T03HEDr***** DEG.C 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 01/24/84 14:25:18.80 RDG 921 

FLUID HELIUM BAROM 14.268 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON 

HEAT TO DASHPOT COOLING 
FLODP 4.17 L/MIN 

TWINDP 17.0 DEG.C 
TDLDP 1.33 DEG.C 
TWODPk 18.9 DEG.C 

POWER IN 
AMPSl 519. AMPS 
AMPS2 549. AMPS 

ENGINE CHARGE PRESSURE 
PRESUP 7379. KPA 

MEANBP 7012. KPA 
MEANCP 7027. KPA 

GAS TEMPERATURES 
TGEXP 466.3 DEG.C 

SURFACE 
TOlHTR 
T02HTR 
T03HTR 
T04HTR 

TO6HTR 
T07HTP. 

T05liTR 

TEMF 
501. 
506. 
508. 
4 9 8 .  
416. 
504. 
471. 

'ERATURES 
8 EEG.C 
5 DEG.C 
2 DEG.C 
0 DEG.C 
5 DEG.C 
1 DEG.C 
9 DEG.C 

VOLTG 2.35 VOLTS TGREGH 449.3 DEG.C 
TGREGC 85.6 DEG.C 
TGCOllP 43.1 DEG .C 
TGBOUN 30.7 DEG.C 

T08HTR 506.7 DLG.C 
T09HTR 509.8 DEG.C 
TlOHTR 501.2 DEG.C HEAT TO COOLER 

FLOCLR 4.23 L/MIN . TWINCL 25.0 DEG.C 
TDLCL 5.45 DEG.C 
TWOCLR 30.63 DEG.C 

CALCULATED PARAMETERS VIBRATION 
VXlHOR 0.3 CM/S 
VYlVER 6.5 CM/S 

REMOTE CALCULATIONS 
PWROUT 531. WATTS 
INDPWR 567. WATTS 

DISPST 1.69 CM 

DYNAMIC CALCULATIONS 
PAMFC 935. KPA 
DISPCP 2.59 CM 
PISTCP 2.34 CM 
PDYNDB 1075. KPA 
PD LCLR** * * ** K PA 
PDLREG****** KPA 
PDLDIS****** KPA 

PISTST i .BO cri 
1 PWRIN 2513. WATTS 
2 QCOOLR 1598. WATTS 
3 QDSHPT 385. WATTS 
4 EZTEFF 21.1 2 
5 TAVHTR 500.6 DEG.C 
6 INTEFF 25.0 X 
8 AMPS 1069. AMPS 
9 QDISPG 2. WATTS 

10 QDISP 12. WATTS 
11 QREGl 95. WATTS 
12 QREG2 89. WATTS 
13 QREG3 28. WATTS 
14 PFP 1025.4 KPA/CM 
15 PFD 288.3 KPA/CM 
16 NBEALE 0.00515 

T11HTR 497.9 DEG.C 
T12HTR 504.1 DEG.C 

PHASE ANGLES 
PADISP 85.9 DEG. 
PAPRES -15.1 DEG. 

T13REG****** DEG.C 
T14P.EG 420.1 DEG.C 
T15REG 310.7 DEG.C 
T16REG****** DEG.C 
:17REG 304.2 DEG.C 
-18REG 310.4 DEG.C 
T19REG 193.8 DEG.C 

ENGINE SPEED 
FREQ 31.9 HZ 

T03HED****** DEG.C 
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NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 01/24/84 14:30:18.80 RDG 922 

FLUID HELIUM BARON 14.268 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON 

ENGINE CHARGE PRESSURE 
PRESUP 7173. KPA 

GAS TEMPERATURES 
TGEXP 460.7 DEG.C 

TGREGH 4 4 6 . 4  DEG.C 

HEAT TO DASHPOT COOLING 
FLODP 4.19 L m m  

POWER IN 
AMFSl 557. AMPS 
AKFS2 574. AMPS 
VOLTG 2.50 VOLTS 

SUF.FACE TEMPERATURES 
TOlHTR 500.9 DEG.C 
TOZHTR 507.4 DEG.C 
T03HTR 508.3 DEG.C 
T04HTR 498.0 DEG.C 
T05HTR 496.7 DEG.C 
T06HTR 502.2 DEG.C 
TG7HTR 471.6 CZG.C 
TO8HTR 505.8 DEG.C 

T!.JINDP 16 .8 DEG.C 
TDLD? 1.45 DEG.C 
TXODPR 18.9 DEG.C 

MEANBP 7012. KPA 
TIEANCP 7028. KPA TGREGC 88.0 DEG.C 

TGCOI’iP 45.7 DEG.C 
TGBOUN 31.4 DEG.C 

T09HTP. 511.2 DEG.C 
TlOIiTR 500.4 DEG.C 
TllHTR 497.4 DEG.C 

REMOTE CALCULATIONS 
PWROUT 599. WATTS 

HEAT TO COOLER 
FLOCLR 4.25 LININ 
TWI?;CL 25.0 DEG.C 

CALCULATED PARAMETERS 
1 PWRIN 2826. WATTS 
2 QCOOLR 1832. WATTS 

VIBRATION 
VXlHOR 0.3 CM/S 
VYlVER 7.1 CM/S INDPWR 642. WATTS 

PISTST 1.99 CM 
DISPST 1.81 CM 

DYNAMIC CALCULATIONS 
PAMPC 1038. KPA 
DISPCP 2.62 CM 
PISTCP 2.35 CM 
PDYNDB 1175. KPA 
PDLCLR****** KPA 
PDLREG****** KPA 
PDLDIS****** KPA 

TlZHTR 503.9 DEG.C 
TDLCL 6.22 DEG.C 
T!!OCLR 31.31 DEG.C 

3 QDSHPT 424. WATTS 
4 EXTEFF 21.2 2 
5 TA’IHTR 500.3 DEG.C 
6 IHTEFF 24.6 X 
8 AMFS 1130. ATIPS 
9 QDISPG 2. WATTS 

10 Q9ISP 12. WATTS 
11 QREG1 91. WATTS 

PHASE ANGLES 
PADISP 86.3 DEG. 
PAPP.ES -14.1 DEG. 

T13REG+***x* 
T14REG 419.2 
T15REG 311.2 
T16REG**y**f 
T17BEG 303.3 

DEG . C 
DEG. C 
DEG . C 
DEG . C 
DEG . C 
DEG . C 
DEG. C 

ENGINE SPEED 
FREQ 31.8 HZ 

T18PEG 309.8 
T19REG 197.1 12 GREG2 89. WATTS 

13 QREG3 28. WATTS 
14 PFP 1026.1 KPA/CM 
15 PFD 280.3 KPA/CM 
16 NBEALE 0.00525 

T03HED****** DEG.C 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 01/24/84 14:35:30.80 RDG 923 

FLUID HELIUM BARON 14.263 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON 

HEAT TO DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES 
FLODP 4.18 L/MIN AMPSl 602. AMPS PRESUP 7149. K P A  TGEXP 459.8 DEG.C TOlHTR 501.9 DEG.C 

APIFSZ 603. AMPS T02HTR 507.2 DEG.C 
TWINDP 16.7 DEG.C VOLTG 2.65 VOLTS MEANBP 6989. KPA TGREGH 4 4 4 . 4  DEG.C T03HTR 509.9 DEG.C 
TDLDP 1.69 DEG.C MEANCP 7008. KPA TGREGC 90.2 DEG.C T04HTR 496.9 DEG.C 
TWODPR 19.0 DEG.C TGCONP 49.2 DEG.C T05HTR 495.7 l2EG.C 

TGBOUN 32.3 DEG.C T06HTR 502.2 DEG.C 
T07HTR 470.1 DEG.C 
T08HTR 505.4 DEG.C 
TOPHTR 511.7 DEG.C 

HEAT TO COOLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS TlOHTR 501.2 DEG.C 
FLOCLR 4.24 L/MIN 1 PWRIN 3188. WATTS VXlHOR 0 . 4  CM/S PWROUT 6 6 7 . WATTS T11HTR 497.1 DEG.C 
TWINCL 25.0 DEG.C 2 QCOOLR 2073. WATTS VYlVER 7.8 CM/S INDPWR 712. WATTS Tl2HTR 503.4 DEG.C 
TDLCL 7.04 DEG.C 3 QDSHPT 492. WATTS PISTST 2.20 CM 
TWCCLR 32.19 DEG.C 4 EXTEFF 20.9 2 PHASE ANGLES DISPST 1.92 CM 

5 TAVHTR 500.2 DEG.C 
6 INTEFF 24.3 2 
8 AMPS 1205. AMPS 
9 QDISPG 2. WATTS 

10 QDISP 12. WATTS 
11 QaEG1 91. WATTS 
;’’ QBEG2 86. WATTS 
1 3  QREG3 27. WATTS 

PADISP 86.8 DEG. 
PAPRES -12.9 DEG. 

ENGINE SPEED 
FREQ 31.7 HZ 

T13REG****** DEG.C 
DYNAVIC CALCULATIONS T14REG 418.0 DEG.C 
PAMPC 1137. KPA T15REG 312.1 DEG.C 
DISPCP 2.61 Cfl T16REG*f***+ DZG.C 
PISTCP 2.35 CM T17REG 302.8 DEG.C 
PDYNDB 1238. KPA Tl8REG 312.0 DEG.C 
PDLCLR****** KPA T19REG 199.8 DEG.C 
PDLREG****** KPA 
PDLDIS****** KPA T03HED****** DEG.C 14 PFP 1019.9 KPA/CM 

15 PFD 264.1 KPA/CM 
16 NBEALE 0.00533 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 01/24/84 14:40:18.80 RDG 924 

FLUID HELIUM BARON 14.263 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON 

HEAT TO DASHPOT COOLING 
FLODP 4.18 L/MIN 

POWER IN ENGINE CHARGE PRESSURE 
PRESUP 7385. KPA 

MEANBP 7004. KPA 
MEANCP 7023. KPA 

GAS TEMPERATURES 
TGEXP 458.2 DEG.C 

TGREGH 442.1 DEG.C 
TGREGC 93.2 DEG.C 
TGCOMP 52.8 DEG.C 
TGBOUN 33.4 DEG.C 

SURFACE TEMPERATURES 
TOlHTR 501.5 DEG.C 
T02HTR 506.9 DEG.C 

AMPSl 641. AMPS 
ANPSZ 628. AMPS 
VOLTG 2.79 VOLTS TWINDP 16.6 DEG.C 

TDLDP 1.95 DEG.C 
TWODPR 19.2 DEG.C 

T03HTR 509.9 DEG.C 
T04HTR 496.1 DEG.C 
T05HTR 495.7 DEG.C 
T06HTR 500.8 DEG.C 
T07HTR 468.9 DEG.C 
T08HTR 504.3 DEG.C 
T09HTR 512.5 DEG.C 
T10HTR 500.7 DEG.C 
TllHTR 496.6 DEG.C 
TlZHTR 502.6 DES.C 

HEAT TO COOLER 
FLOCLR 4.25 LININ 
TWINCL 25.1 DEG.C 
TDLCL 7.85 DEG.C 
TWOCLR 33.12 DEG.C 

CALCULATED PARAMETERS 
1 PWRIN 3536. WATTS 

VIBRATION 
VXlHOR 0 . 4  CM/S 
VYlVER 8.4 CM/S 

REMOTE CALCULATIONS 
PWROUT 725. WATTS 

2 QCOOLR 2313. WATTS 
3 QDSHPT 566. WATTS 
4 EXTEFF 20.5 2 

INDPWR 774. WATTS 

DISPST 2.03 CM 
PISTST 2.40 cm 

PHASE ANGLES 
PADISP 87.0 DEG. 
PAPRES -11.8 DEG. 

ENGINE SPEED 
FREQ 31.6 HZ 

T13REG****** DEG.C 
T14REG 417.8 CEG.C 
T15REG 313.1 DEG.C 
T16REG****** DEG.C 
T17REG 302.5 GEG.C 
T18REG 311.4 DEG.C 
TITREG 202.6 DEG.C 

5 
6 
8 
9 

10 
11 
12 
13 
14 
15 
16 

TAVHTR 499.7 
INTEFF 23. 9 
AMPS 1269. 
QDISPG 2. 
QDISP 12. 
QREG1 88. 
QREGZ 86. 
QREG3 27. 
PFP 1022.3 
PFD 251.0 
NBEALE 0.005 

DEG . C 
X 
AMPS 
WATTS 
WATTS 
WATTS 
WATTS 
WATTS 
KPA/CM 
KPA/CM 
31 

T03HED****** DEG.C 
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NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 01/24/84 14:45:18.80 RDG 925 

ERATURES 
9 DEG.C 
9 DEG.C 
5 DEG.C 
3 DEG.C 
7 DEG.C 
7 DZG.C 
0 DEG.C 
0 DEG.C 
5 cz2.c 

FLUID HELIUM BAROM 14.263 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON 

HEAT TO DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES 
FLODP 4.17 L/MIN AMPSl 680. AMPS PRESUP 7177. KPA TGEXP 456.9 DEG.C 

TWINDP 16.6 DEG.C VOLTG 2.92 VOLTS MEANBP 7005. KPA TGREGH 442.7 DEG.C 
TDLD? 2.22 DEG.C MEANCP 7024. KPA TGREGC 96.4 DEG.C 

TGCOXP 57.0 DEG. C TWODPR 19.4 DEG.C 
TGSOUN 34.6 DEG.C 

AXPS2 653. AMPS 
SURFACE TEM 
TOlHTR 502 
TO2HT3 505 
T03HTX 510 
Z04HTF. 495 
i35HTR 435 
T06HTR 501 

I 
I -  

T07fiTR 467 
TOSHTR 505 
T09HTil 513 HEAT TO COOLER 

FLOCLR 4.25 L/MIN 
TMINCL 25.2 DEG.C 
TDLCL 8.69 DEG.C 
TWOCLR 33.98 DEG.C 

1 
2 
3 
4 
5 
6 
8 
9 

10 
11 
12 
13 
14 
15 
16 

CALCULP 
PCIRIN 
QCOOLR 
QDSHPT 
EXTEFF 
TAVHTR 
INTEFF 
AMPS 
QDISPG 
QDISP 
QREGI 
QREG2 
QREG3 
PFP 1 
PFD 
NBEALE 

iTED PARAMETERS 
3888. WATTS 
2566. WATTS 
644. WATTS 
2 0 . 4  % 

499.9 DEG.C 
23.6 Z 

1333. AMPS 
2. WATTS 
11. WATTS 
89. WATTS 
85. WATTS 
27. WATTS 

012.7 KPA/CM 
242.5 KPA/CM 
0.00542 

VIBRATION 
VXlHOR 0 . 4  
VYlVER 9.0 

REMOTE CALCULATIONS 
PWROUT 794. WATTS 

TIOHTR 501 9 DEG.C 
TlliiTR 497.7 DEG.C 
TlPHTR 501.4 DEG.C 

CM/S 
CM/S 

4 DEG. 
4 DEG. 

4 HZ 

INDPWR 841. UATTS 
PISTST 2.60 Cil 
DISPST 2.15 CM PHASE ANGLES 

PADISP 85. 
PAPRES -11. 

T13REG****** DEG.C 
T14FEG 416.5 DEG.C 
T15FEG 311.5 DEG.C 
T16PEG*Yf**+ DEG.C 
T17PEG 305.9 DZG.C 
Tl8REG 311.5 DEG.C 
T19XG 201.5 C X . C  

T03HEDr*+r** DEG.C 

DYNAMIC CALCULATIONS 
PAriPC 1319. KPA 
DISPCP 2.71 C11 
PISTCP 2.35 CM 
PDINCB 1450. KPA 
PDLCLR***+** KPX 
PDLIEG****** KPA 
FDLDISXXX*** KpA 

ENGINE SPEED 
FREQ 31. 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 01/24/84 14:50:21.80 RDG 926 

FLUID HELIUM BAROM 14.263 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON 

SURFACE TEMPERATURES HEAT TO DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES 
AMPS1 715. AMPS PRESUP 7167. KPA TGEXP 455.9 DEG.C TOlHTR 504.7 DEG.C 
AMPS2 684. AMPS TOZETR 506.3 DEG.C 
VOLTG 3.07 VOLTS MEANBP 6996. KPA TGREGH 442.1 DEG.C T03HTR 512.2 DEG.C 

MEANCP 7021. KPA TGREGC 99.9 DEG.C T04HTR 495.1 DEG.C 
TGCOi'lP 6 1.3 DEG .C T05HTR 496.8 DEG.C 
TGBOUN 36.1 DEG.C T06HTR 502.3 DEG.C 

FLODP 4.15 L/MIN 

TWINDP 16.6 DEG.C 
TDLDP 2.53 DEG.C 
TC!ODPR 19.7 DEG.C 

T07HTR 466.1 
TO8HTR 505.6 
T09HTR 515.0 
TlOHTR 503.6 
TllHTR 498.8 
T12HT9 501.8 

DZG. c 
DEG . C 
DEG . C 
DZG. C 
DEG. C 
DEG. C 

DEG. C 
DEG. C 
DCG. C 
DEG. C 
DEti.C 
DEG . C 
DEG . C 
DEG . C 

HEAT TO COOLER 
FLOCLR 4.25 L/MIN 
TWINCL 25.2 DEG.C 
TDLCL 9.82 DEG.C 
TWGC;.R 35.08 DEG.C 

CALCULATED PARAMETERS 
PWRIN 4293. WATTS 

QDSHPT 730. WATTS 
EXTEFF 19.9 X 
TAVHTR 500.7 DEG.C 
INTEFF 22.8 % 
ARPS 1398. AMPS 
QDISPG 2. WATTS 
QDISP 11. WATTS 
QREGl 87. YATTS 
QREG2 86. kATTS 
QREG3 26. WATTS 
PFP 985.0 KPAICM 
PFD 224.7 KPA/CM 
NBEALE 0.00541 

QCOOLR 2895. WATTS 
VIBRATION 

VXlHOR 0 . 4  CM/S 
VYlVER 9.7 CM/S 

PHASE ANGLES 
PADISP 85.4 DEG. 
PAPRES -10.6 DEG. 

REMOTE CALCULATIONS 
PWROUT 853. WATTS 
INDPWR 901. WATTS 
PISTST 2.80 CM 
DISPST 2.27 CM 

1 
2 
3 
4 
5 
6 
8 
9 

10 
11 
12 
13 
14 
15 
16 

Tl3REG*+**** 
T14F.X 415.8 
Tl5REG 311.0 
T16REG+f++** 
T17REG 305.9 
T18REG 310.3 

DYNAMIC CALCULATIONS 
PL:lPC 1383. KPA 
DISPCP 2.71 Cll 
PISTCP 2.31 CX 

ENGINE SPEED 
FREQ 31.3 HZ 

PDLDIS****** KPA 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 01/24/84 14:55:18.80 RDG 927 

FLUID HELIUM BAROM 14.263 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON 

HEAT TO DASHPOT COOLING 
FLODP 4.14 L/MIN 

POWER IN 
AMPSl 747. AMPS 
AMPS2 710. AMPS 
VOLTG 3.20 VOLTS 

GAS TEMPERATURES 
TGEXP 455.3 DEG.C 

TGREGH 440.8 DEG.C 
TGREGC 103.2 DEG.C 
TGCOflP 65.1 DEG.C 
TGBOUN 37.6 DEG.C 

ENGINE CHARGE PRESSURE 
PRESUP 7398. KPA 

MEANBP 7009. KPA 
MEANCP 7037. KPA 

SURFACE TEMPERATURES 
TOlHTR 504.7 DEG.C 
TOZHTR 505.4 DEG.C 
T03HTR 512.5 DEG.C TWINDP 16.7 DEG.C 

TDLDP 2.77 DEG.C 
. TWODPR 19.9 DEG.C T04HTR 494.0 DEG.C 

T05HTR 496.1 DEG.C 
T06HTR 501.8 DEG.C 
T07HTR 464.1 DEG.C 
T08HTR 505.1 DEG.C 
T09HTR 515.2 DEG.C 
TIOHTR 503.9 DEG.C 
TllHTR 478.7 DEG.C 
Tl2HTR 500.9 DEG.C 

HEAT TO COOLER - FLOCLR 4.27 LIMIN 
TWINCL 25.2 DEG.C 
TDLCL 10.76 DEG.C 
TWOCLR 36.07 DEG.C 

CALCULATED PARAMETERS 
1 PWRIN 4664. WATTS 
2 QCOOLR 3188. WATTS 
3 QDSHPT 798. WATTS 
4 EXTEFF 19.2 X 
5 TAVHTR 500.2 DEG.C 
6 INTEFF 22.0 % 
8 ANTS 1457. AMPS 
9 QDISPG 2. WATTS 

10 QDISP 11. WATTS 
11 QREG1 85. WATTS 
12 QREG2 85. WATTS 
13 QF.EG3 26. WATTS 
14 PFP 1014.4 KPA/CM 
15 PFD 218.5 KPA/CM 
16 NBEALE 0.00533 

VIBRATION 
VXlHOR 0 . 4  CM/S 
VYlVER10.3 CM/S 

PHASE ANGLES 
PADISP 85.2 DEG. 
PAPRES -9.8 DEG. 

ENGINE SPEED 
FREQ 31.3 HZ 

REMOTE CALCULATIONS 
PWROUT 897. C!ATTS 
INDPWR 945. WATTS 
PISTST 2.99 CM 
DISPST 2.36 CM 

DYNAMIC CALCULATIONS 
PAMPC 1516. KPA 
DISPCP 2.72 CM 
PISTCP 2.25 CM 

T13REG****** DEG.C 
T14REG 414.4 DEG.C 
T15REG 310.7 DEG.C 
T16REG****** DEG.C 
T17REG 308.2 DEG.C 
TIBREti 309.9 DEG.C PDYNDB 1588; KPA 

PDLCLR***+** KPA 
PDLREG****** KPA 

T19REG 204.6 DEG.C 

T03HED****** DEG.C PDLDIS****** KPA 
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APPENDIX  D .  - CONTINUED. 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 01/24/84 15:00:18.80 RDG 928 

FLUID HELIUM BAROM 14.263 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON 
POLIER IN ENGINE CHAP.GE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES 

TOlHTR 505.2 DEG.C 
T02HTP. 504.5 DEG.C 

MEANBP 7007. KPA TGREGH 439.9 DEG.C T03HTR 513.0 DEG.C 
T04HTR 493.0 DEG.C MEANCP 7044. KPA TGREGC 107.4 DEG.C TO5HTR 495.4 DEG.C TGCOilP 70.1 DEG.C 

TGBOUN 39.0 DEG.C T06HTR 501.6 CEG.C 
T07HTR 462.0 DEG.C 

HEAT TO DASHPOT COOLING 
FLODP 4.14 L/MIN ANPS1 775. AMPS PRESUP 7387. KPA TGEXP 454.0 DEG.C 

AI'IPS2 738. AMPS 
VOLTG 3.34 VOLTS TL4INDP 16 .6 DEG . C 

TDLDP 3.02 DEG.C 
T'd3DPR 20.2 DEG.C 

T38HTR 505.0 DEG.C 
T09HTR 515.9 DEG.C 

REMOTE CALCULATIONS TlOHTI! 5 0 4 . 0  DEG.C 
TllHTR 499.0 DEG.C HEAT TO COOLER CALCULATED PARAMETERS VIBRATION PWROUT 955. WATTS 

VXlHOR 0 . 4  CM/S 
FLOCLR 4.28 L/MIN 1 PWRIN 5062. WATTS INDPWR 985. WATTS Tl2HTR 500.0 DEG.C 2 QCOOLR 3545. WATTS VYlVER10.9 CM/S 

TDLCL 11.95 DEG.C PHASE ANGLES DISPST 2.47 CM T13REG****** DEG.C 4 EXTEFF 18.9 X TWOCLR 37.41 DEG.C PADISP 84.9 DEG. 
5 TAVHTB 499.9 DEG.C DYNAMIC CALCULATIONS T14REG 412.3 DEG.C PAPRES -9.1 DEG. 
6 INTEFF 21.2 T15P.EG 309.5 DEG.C PA:IPC 1624. KPA 8 AMFS 1514. AMPS ENGINE SPEED DISPCP 2.74 CM 
9 QDISPG 2. WATTS PISTCP 2.19 CM T17REG 310.4 DEG.C 10 QDISP 11. WATTS FREQ 31.2 HZ PDYNDB 1638. KPA T18F.EG 309.5 DEG.C 

11 QRZG1 83. WATTS PDLCLR****** KPA T19REG 206.6 DEG.C 12 QREG2 83. WATTS PDLREG****** KPA 
T03HED****** DEG.C 13 QREG3 26. WATTS PDLDISS***** KPA 14 PFP 1018.2 KPA/CM 

15 PFD 207.8 KPA/CM 
16 NBEALE 0.00533 

TWIKCL 25.3 DEG.C PISTST 3.20 cn 3 QDSHPT 869. WATTS 

T16REGY'FXXX DEG.C 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 01/24/84 15:02:57.83 RDG 929 

FLUID HELIUM BAROM 14.268 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON 
SURFACE TEMPERATUP.ES 
TOlHTR 5 0 4 . 4  DEG.C 
T02HTR 503.5 DEG.C 
T03HTR 512.8 DEG.C 

ENGINE CHARGE PRESSURE GAS TEMPERATURES TGEXP 4 5 2 . 2  DEG.C HEAT TO DASHPOT COOLING POWER IN FLODP 4.14 L/VIN AMPSl 811. AMPS PRESUP 7383. KPA 

T:.JINDP 16.6 DEG.C VOLTG 3.49 VOLTS MEANBP 7005. KPA TGREGH 437.7 DEG.C 
TDLDP 3.14 DEG.C MEANCP 7040. KPA TGREGC 111.0 DEG.C TGCOMP 74.4 DEG.C 

TGBOUN 39.8 DEG.C TWODPR 20.3 DEG.C 

AI1PS2 767. AMPS 
T04HTR 491.5 DEG.C 
T05HTR 495.2 DEG.C 
T06HTR 500.3 DEG.C 
T07HTR 459.6 DEG.C 
T08HTR 504.0 DEG.C 
TO9HTR 515.9 DEG.C 
TlOHTR 503.5 DEG.C 
T11HTP. 498.1 DEG.C HEAT TO COOLER 

FLOCLR 4.28 
TCIINZL 25.5 
TDLCL 12.99 

CALCULATED PARAMETERS 
1 PWRIN 5505. WATTS 
2 QCOOLR 3855. WATTS 
3 QDStIPT 903. WATTS 
4 EXTEFF 17.3 X 
5 TAVHTR 499.0 DEG.C 

VIBRATION 
VXlHOR 0 . 4  CM/S 
VYlVER11.5 C W S  

REMOTE CALCULATIONS 
PWROUT 955. WATTS 
INDPWR 998. WATTS TlZHTP. 499.0 DEG.C 
PISTST 3.39 CM 
DISPST 2.61 CM PHASE ANGLES 

PADISP 84.7 DEG. 
PAPRES -8.2 DEG. 

TWOCLR 38.37 T13REG****** DEG.C 
T14REG 410.6 DEG.C 
T15REG 310.2 DEG.C 
T16REG****** DEG.C 
T17REG 311.1 DEG.C 
T18REG 310.3 DEG.C 
T19REG 209.5 DEG.C 

DYNAMIC CALCULATIONS 
PAMPC 1732. KPA 
DISPCP 2.75 CM 

6 
8 
9 

10 
11 
12 
13 
14 
15 
16 

IN TEFF 
AMFS 
QDISPG 
QDISP 
QREG1 
QREG2 
QREG3 
PFP 
PFD 
NBEALE 

19.8 X 
1578. AMPS 

2. WATTS 
11. WATTS 
82. WATTS 
81. WATTS 
25. WATTS 

023.6 KPA/CM 
189.9 KPAICM 
0.00501 

ENGINE SPEED 
FREQ 31.2 HZ PISTCP 2.07 CM 

PDYNDB 1813. KPA _ _ _  _ _  ~~ 

PDLCLR****** KPA 
PDLREG****** KPA 
PDLDIS****** KPA T03HED****** DEG.C 1 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 01/24/84 15:13:21.83 RDG 930 

FLUID HELIUM BAROM 14.268 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON 
ENGINE CHARGE PRESSURE 

PRESUP 7173. KPA 

MEANBP 7011. KPR 
MEANCP 7026. KPA 

GAS TEMPERATURES SURFACE TEMPERATURES 
TGEXP 654.3 DEG.C TOlHTR 551.4 DEG.C 

T02HTR 555.6 DEG.C 
HEAT TO DASHTOT COOLING POWER IN 

FLODP 4.16 L/MIN AMPSl 543. AMPS 
AMPS2 549. AMPS 

TWINDP 16.6 DEG.C VOLTG 2.42 VOLTS 
TDLDP 1.96 DEG.C 

TGREGH 495.7 DEG.C TO3HTR 558.4 DEG.C 
TGREGC 89.6 DEG.C T04HTR 546.3 DEG.C 
TGCOMP 45.3 DEG.C TO5HTR 545.8 DEG.C 
TGBOUN 37.5 DEG.C T06HTR 553.3 DEG.C 

T07HTR 520.2 DEG.C 
T08HTR 556.0 DEG.C 
T09HTR 558.5 DEG.C 

REMOTE CALCULATIONS TlOHTR 550.9 DEG.C 
PWROUT 590. WATTS TllHTR 547.3 DEG.C 
INDPWR 630. WATTS T12HTR 553.1 DEG.C 

TWODPR i9.0 DEG.C 

I HEAT TO COOLER CALCULATED PARAMETERS 
1 PWRIN 2637. WATTS 
2 QCOOLR 1742. WATTS 
3 QDSHPT 566. WATTS 
4 EXTEFF 22.4 X 
5 TAVHTR 549.7 DEG.C 
6 INTEFF 25.3 X 
8 AMPS 1092. AMPS 

VIBRATION 
VXlHOR 0.3 CM/S 
VYlVER 6.5 CM/S 

~~ ~ 

FLOCLR 4.26 LININ 
TWINCL 24.9 DEG.C 
TDLCL 5.89 DEG.C PISTST 1.79 CM 

DISPST 1.70 CM PHASE ANGLES 
PADISP 83.9 DEG. 
PAPRES -16.7 DEG. 

TWOCLR 31.05 DEG.C T13REG****** DEG.C 
T14REG 462.4 DEG.C 
T15REG 340.6 DEG.C 

DYNAMIC CALCULATIONS 
PAMPC 1058. KPA 
DISPCP 2.68 CM 
PISTCP 2.40 CM 
PDYNDB 1075. KPA 
PDLCLR****** KPA 

ENGINE SPEED 
FREQ 32.2 HZ 

T16REG****** DEG.C 
Tl7P.EG 332.7 DEG.C 
T18REG 339.2 DEG.C 

9 
10 
11 
12 
13 
14 
15 
16 

QDISPG 
QDISP 
QREG1 
QREG2 
QREG3 
PFP 1 
PFD 
NBEALE 

3. WATTS 
17. WATTS 

105. WATTS T19P.EG 210.2 DEG.C 100. WATTS 
31. WATTS 

171.7 KPA/CM 
357.9 KPA/CM 
0.00571 

PDLREG****** KPA 
PDLDIS****** KPA T03HED****** DEG.C 

ORlGlNAL PAGE IS 
OF POOR QUALITY 
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NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 01/24/84 15:18:18.83 RDG 931 

FLUID HELIUM BARON 14.263 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON 

HEAT TO DASHPOT COOLING 
FLODP 4.17 L/MIN 

POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES 
AMPSl 588. AMPS PRESUP 7404. KPA TGEXP 695.6 DEG.C 
AMPS2 587. AMPS 

SURFP.CE 
TOlHTR 
T02HTR 
TO 3ETR 
TOG!lTR 
T05HTR 
TO6HTR 
T 0 7 HT P. 
T 0 5 HTR 
T09HTR 
TlOHTR 
TllHTR 
T12HTX 

TEMPERATURES 
551.1 DEG.C 
557.4 D2G.C 
559.3 DEG.C 
546.8 DEG.C 
547.3 DEG.C 
551.9 DEG.C 
521.0 DEG.C 

TWINDP 16.6 DEG.C 

TLIODPR 19.3 DEG.C 
~ TDLDP 2.11 DEG.C VOLTG 2.60 VOLTS MEANBP 7005. KPA TGREGH 492.7 DEG.C 

MEANCP 7032. KPA TGREGC 92.4 DEG.C 
TGCOIIP 47.9 DEG .C 
TGSOUN 37.2 DEG.C 

555.5 DEC-.C 
561.3 DEG.C 
550.7 D5G.C 
547.2 DEG.C 
553.6 DEG.C 

HEAT TO COOLER 
FLOCLR 4.24 LININ 
TWISCL 24.8 DEG.C 
TDLCL 6.73 DEG.C 
TNOCLR 31.75 DEG.C 

1 
2 
3 
4 
5 
6 
8 
9 

10 
11 
12 
13 
14 
15 
16 

CALCULATED PARAMETERS 
PWRIN 3053. WATTS 
QCOOLR 1981. WATTS 

VIBRATION 
VXlHOR 0.3 CM/S 
VYlVER 7.2 CM/S 

REMOTE CALCULATIONS 
FWROUT 690. LIATTS 
INDPWR 734. I.IATTS 
PISTST 2.01 CPI 
DISPST 1.56 CN 

QDSHPT 612. WATTS 
EXTEFF 22.6 X 
TAVHTR 550.3 DEG.C 
INTEFF 25.8 X 
AMPS 1174. AMPS 
QDISPG 4 .  WATTS 

PHASE ANGLES 
PADISP 84.5 DEG. 
PAPRES -15.7 DEG. 

T13REG****** DEG.C 
DYNANIC CALCULATIONS 

PAllPC 1043. KPA 
T14REG 463.5 DEG.6 
T15REG 344.0 DEG.C 
T16PEG*jr*** DEG.C ENGINE SPEED 

FREQ 32.0 HZ 
DISPCP 2.66 CM 
PISTCP 2.41 CM 
PDYNDB 1200. KPA 
PDLCLR*+Y+L* KPA 
PDLP.EG*Y**YY KPA 
PDLDIS****** KPA 

QDISP 18. 
QREG1 100. 
QREG2 101. 
OREG3 31. 
PFP 1028.5 
PFD 305.5 
NBEALE 0.005 

WATTS 
WATTS 
WATTS 
WATTS 
KPA/CM 
KPR/CM 
97 

T17REG 331.1 DE6.C 
TlEREG 339.3 DEG.C 
T19REG 215.5 DEG.C 

T03HED****** DEG.C 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003. REC 01/24/84 15:23:18.86 RDG 932 

FLUID HELIUM BARON 14.263 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON 

HEAT TO DASHPOT COOLING 
FLODP 4.18 L/MIN 

TWINDP 16.6 DEG.C 
TDLDP 2.28 DEG.C 
TWODPR 19.5 DEG.C 

PO!.JER IN ENGINE CHARGE PRESSURE 
PRESUP 7308. KPA 

GAS TEMPERATURES 
TGEXP 713.1 DEG.C 

TGREGH 490.5 DEG.C 
TGRZGC 95.4 DEG.C 
TGCONP 51.2 DEG.C 
TGBOUN 37.7 DEG.C 

SURFACE TEMTERATURES 
TOlHTR 551.6 D3G.C 
T02!ITR 556.6 D X . C  
T03HTR 559.8 DEG.C 
T04HTR 545.7 DEG.C 
TC5HTR 546.2 DEG.C 
T06HT3 551.0 DEC-.C 
T07HTR 519.0 DEG.C 
T03HIR 554.7 0 X . C  
T098ITR 561.9 CZG.C 

AMPSl 623. AMPS 
AMPS2 613. AKPS 
VOLTG 2.74 VOLTS MEANBP 7019. KPA 

MEAXCP 7059. KPA 

HEAT T5 COOLER 
FLOCLR 4.23 L/MIN 
TL!INCL 24.9 DEG.C 
TDLCL 7.49 DEG.C 
TCIOCLR 32.54 DEG.C 

CALCULATED PARAMETERS 
PWRIN 3358. WATTS 

VIBRATION 
VXlHOR 0 . 4  CM/S 
VYlVER 7.8 CM/S 

REMOTE CALCULATIONS 
PWROUT 764. NATTS 
INDPWR 813. MATTS 
PISTST 2.20 CM 
DISPST 1.97 CM 

TlOHTII 550.6 DEG.C 
TllETR 546.7 DEG.C 
T12HTR 552.3 DEG.C QCOOLR 

QDSHPT 
EXTEFF 
TAVHTR 
INTEFF 
AMFS 
QDISPG 
QDISP 
QREG1 
QP.EG2 
GREG3 

2200. 
663. 
22.5 

WATTS 
WATTS 
z PHASE ANGLES 

PADISP 84.5 DEG. 
PAPRES -14.8 DEG. 

549.7 
25.8 
1236. 

DEG.C 
x 
AMPS 

T13REG*****+ DEG.C 
T14REG 461.0 DEG.C 
T15REG 342.3 DEG.C 

T17DEG 331.0 DEG.C 
T15PEG 340.8 DEG.C 
T19RZG 216.0 D5G.C 

T03HED*+**** DEG.C 

T16RcGX%*%*A DEG,C 

DYNAMIC CALCULATIONS 8 
9 

10 
11 

13 
. I. 

~ ~~. - 
PANPC 1142. KPA 
DISPCP 2.62 CN 
PISTCP 2.38 CM 

4 .  
19. 

101. 

WATTS 
WATTS 
WATTS 

ENGINE SPEED 
FREQ 31.9 HZ 

PDYNDB 1263. KPA 
PDLCL !?* *+ * ’* K PA 
PDLREGY++++* KPA 

98. 
31. 

1030.8 
297.0 
0.006 

WATTS 
WATTS 
KPA/CM 
KPA/CM 

0 4  

14 
15 
16 

PFP 1 
PFD 
NBEALE 

PDLDIS**+*** t:PA 

NASA LEWIS SENSITIVITY TEST DATA RE 1 0 0 0  FREE PISTON STIRLING ENGINE TEST D003, REC 01/24/84 15:28:21.86 RDG 933 

FLUID HELIUM BARON 14.263 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON 

HEAT TO 
FLODP 

DASHPOT COOLING 
4.19 L/MIN 

POWER IN ENGINE CHARGE PRESSURE 
PRESUP 7129. KPA 

GAS TEMPERATURES 
TGEXP 722.9 DEG.C 

SURFACE TEMPERATURES 
TOlHTR 551.2 DEG.C 
T02HTR 556.2 DEG.C 
T03HTR 560.1 DEG.C 

AMPSl 654. AMPS 
AMPS2 639. AMPS 
VOLTG 2.87 VOLTS TWINDP 16.7 DEG.C 

TDLDP 2.53 DEG.C 
TWODPR 19.7 DEG.C 

MEANBP 6996. KPA 
MEANCP 7028. KPA 

TGREGH 487.8 DEG.C 
TGREGC 97.4 DEG.C 
TGCOMP 54.1 DEG.C 

T04HTR 
T05HTR 
TO6HTR 
T07HTR 
T08HTR 
T09HTR 
T1 OHTR 
T1 lHTR 
TlZHTR 

544.6 DEG.C 
546.6 DEG.C 
550.1 DEG.C TGBOUN 38.2 DEG.C 
517.5 DEG.C 
553.5 DEG.C 
561.9 DEG.C 
550.3 DEG.C 
545.7 DEG.C 
551.9 DEG.C 

HEAT TO COOLER 
FLOCLR 4.23 L/MIN 
TWINCL 24.9 DEG.C 
TDLCL 8.30 DEG.C 
TWOCLR 33.38 DEG.C 

CALCULATED PARAMETERS 
1 PWRIN 3706. MATTS 
2 QCOOLR 2440. WATTS 
3 QDSHPT 737. WATTS 

VIBRATION 
VXlHOR 0 . 4  CM/S 
VYlVER 8.4 CM/S 

PHASE ANGLES 
PADISP 85.3 DEG. 
PAPRES -13.5 DEG. 

ENGINE SPEED 
FREQ 31.8 HZ 

REMOTE CALCULATIONS 
PWROUT 831. NATTS 
INDPWR 883. MATTS 
PISTST 2.39 CM 
DISPST 2.06 CM 

DYNAMIC CALCULATIONS 
PbMPC 1240. KPA 
DISPCP 2.66 CM 
PISTCP 2.39 CM 
PDYNDB 1300. KPA 
PDLCLR****** KPA 

4 EXTEFF 22.4 X 
5 TAVHTR 549.1 DEG.C 
6 INTEFF 25.4 Z 
8 AMPS 1293. AMPS 
9 ODISPG 4 .  WATTS 

10 QDISP 19. WATTS 
11 QREG1 98. WATTS 
12 QREG2 98. WATTS 
13 QREG3 30. WATTS 
14 PFP 1027.4 KPA/CM 
15 PFD 280.9 KPA/CM 
16 NBEALE 0.00607 

T13REG****** DEG.C 
Tl4REG 460.6 DEG.C 
T15REG 343.1 DEG.C 
T16REG**+*** DEG.C 
TliREG 329.5 DEG.C 
T18EEG 339.7 DEG.C 
T19REG 218.5 DEG.C 

T03HED****** DEG.C 
PDLREG****** KPA 
PDLDIS****** KPA 
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NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 01/24/84 15:33:18.88 RDG 934 

FLUID HELIUM BAP.OM 14.263 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON 
ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES 

TOlHTR 553.2 DEG.C 
T02HTR 555.6 DEG.C 

MEANBP 7000. KPA TGREGH 488.0 DEG.C T03HTR 561.1 DEG.C 
T04HTR 543.9 DEG.C MEANCP 7034. KPA TGREGC 101.2. DEG.C 

TGCOilP 59.0 DEG. C T05HTR 545.9 DEG.C 
TGBOUN 38.9 DEG.C TO6HTR 551.0 DEG.C 

T07HTR 515.5 DEG.C 
T08HT2 554.1 DEG.C 
T09HTR 563.0 DEG.C 

HEAT TO DASHPOT COOLING POWER IN 
ANFSl 692. AMPS PRESUP 7454. KPA TGEXP 733.3 DEG.C 
AXPS2 669. AMPS 
VOLTG 3.02 VOLTS 

FLODP 4.20 L/IlIN 

TWINDP 16 .7 DEG.C 
TDLDP 2.81 DEG.C 
TWODPR 20.0 DEG.C 

HEAT TO COOLER CALCULJ 
1 PLIRIN 
2 QCOOLR 
3 QDSHPT 
4 EXTEFF 
5 TAVHTR 

LTED PAP.AMETERS 
4107. WATTS 
2715. WATTS 
822. WATTS 
22.4 z 
549.5 DEG.C 

6 INTEFF 25.3 z 
8 AMPS 1361. AMPS 
9 QDISPG 4 .  WATTS 
10 QDISP 19. WATTS 
11 QREGl 99. WATTS 

VIBRATION 
VXlHOR 0 . 4  CM/S 
VYlVER 9.1 CM/S 

PHASE ANGLES 
PADISP 83.9 DEG. 
PAPRES -13.0 DEG. 

ENGINE SPEED 
FREQ 31.7 HZ 

REMOTE CALCULATIONS 
PIMROUT 91 9. IdATTS 
INDPWR 977. WATTS 
PISTST 2.60 CM 
DISPST 2.19 CM 

TlOHTR 552.3 DEG.C 
TllHTR 547.2 DSG.C 
T12HTR 550.8 DEG.C FLOCLR 4.23 L/MIN 

TCIINCL 25.1 DEG.C 
TDLCL 9.24 DEG.C 
T!dOCLR 34.47 DEG.C T13REG****** DEG.C 

Tl4REG 458.6 DEG.C 
T15EEG 340.1 DEG.C 
T16REG*++++* DEG.C 
T17REG 332.7 DEG.C 
T18F.EG 338.4 DZG.C 
T19REG 216.6 DZG.C 

T03HED****** DEG.C 

DYNAMIC CALCULATIONS 
PAMPC 1339. KPA 
DISPCP 2.70 CM 

iZ d k E ~ 2  97. WATTS 

14 PFP 1028.0 K:Pa/cm 
13 QREG3 30. WATTS 

15 PFD 276.9 KPA/CM 
16 NBEALE 0.00621 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 01/24/84 15:38:18.88 RDG 935 

FLUID HELIUM BAROM 14.263 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON 

HEAT TO DASHPOT COOLING POWER IN 
FLODP 4.17 L/MIN AMFSl 724. AMPS 

AMPS2 694. AXPS 
TWINDP 16.7 DEG.C VOLTG 3.15 VOLTS 
TDLDP 2.99 DEG.C 
TLIODPR 20.3 DEG.C 

ENGINE CHARGE PRESSURE 
PRESUP 7132. KPA 

MEANBP 6990. KPA 
MEANCP 7027. KPA 

GAS TEMPERATURES 
TGEXP 746.2 DEG.C 

SURFACE TEMPERATURES 
TOlHTR 554.5 DEG.C 
TOZHTR 555.4 DEG.C 
T03HTR 562.4 DEG.C 
T04HTR 543.8 DEG.C 
T05HTR 546.5 DEG.C 

TGREGH 487.6 DEG.C 
TGREGC 104.2 DEG.C 
TGCOHP 62.8 DEG.C 
TGBOUN 40.0 DEG.C TO6HTR 551.5 DEG.C 

T07HTR 514.7 DEG.C 
TO8HTR 554.7 DEG.C 
T09HTR 564.6 DEG.C 
TlOHTR 553 5 DEG.C 
TllHTR 548 3 DEG.C 
Tl2HTR 550 7 DEG.C 

REMOTE CALCULATION' 
PWROUT 981. WATTS HEAT TO COOLER CALCULATED PARAMETERS 

FLOCLR 4.24 L/MIN 1 PWRIN 4467. WATTS 
TIdINCL 25.2 DEG.C 2 QCOOLR 2967. WATTS 
TDLCL 10.08 DEG.C 3 QDSHPT 869. WATTS 
TMOCLR 35.43 DEG.C 4 EXTEFF 22.0 X 

5 TAVHTR 550.1 DEG.C 

VIBRATION 
VXlHOR 0.4 CM/S 
VYlVER 9.7 CM/S INDPWR 1042. WATTS 

PISTST 2.79 CN 
DISPST 2.30 CM PHASE ANGLES 

PADISP 83.7 DEG. 
PP.PRES -12.2 DEG. 

ENGINE SPEED 
FREQ 31.5 HZ 

Tl3REG**** * DEG.C 
T14REG 457 8 DEG.C 
T15REG 339 7 DEG.C 
T16REG**** * DEG.C 
T17REG 335 1 DEG.C 
T18REG 338 7 DEG.C 
T19REG 218.3 DEG.C 

T03HED****** DEG.C 

DYNP.MIC CALCULATIONS 
PAMPC 1422. KPA 
DISPCP 2.71 CM 
PISTCP 2.35 CM 

6 INTEFF 24.9 z 
8 ANPS 1418. AMPS 
9 QDISPG 4 .  WATTS 

10 QDISP 19. WATTS 
11 QREGl 98. WATTS 
12 QREG2 97. WATTS 
13 QREG3 30. WATTS 
14 PFP 1020.0 KPA/CM 

PDYNDB 1519. KPA 
PDLCLR****** KPA 
PDLREG*****x KPA 
PDLDIS*x**** KPA 

i5 PFD 263.5 KPA/CII 
16 NBEALE 0.00621 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 01/24/84 15:43:18.91 RDG 936 

FLUID HELIUM BAROM 14.263 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON 

HEAT TO DASHPOT COOLING POWER IN 
FLODP 4.17 L/MIN AMPS1 762. AMPS 

TWINDP 16.7 DEG.C VOLTG 3.30 VOLTS 
TDLDP 3.27 DEG.C 
TIJODPR 20.5 DEG.C 

a i m 2  723. AMPS 

ENGINE CHARGE PRESSURE 
PRESUP 7470. KPA 

MEANBP 7007. KPA 
MEANCP 7036. KPA 

GAS TEMPERATURES 
TGEXP 766.9 DEG.C 

SURFACE TEMPERATURES ~~ 

TOlHTR 555.6 DEG.C 
TOZHTR 555.1 DEG.C 
T03HTR 563.9 DEG.C TGREGH 486.6 DEG.C 

TGREGC 107.3 DEG.C 
TGCOMP 67.0 DEG.C 
TGBOUN 41.2 DEG.C 

HEAT TO COOLER CALCULATED PARAMETERS 
FLOCLR 4.29 L/MIN 1 PWRIN 4898. WATTS 
TWINCL 25.2 DEG.C 2 QCOOLR 3294. WATTS 
TDLCL 11.07 DEG.C 3 QDSHPT 949. WATTS 
TWOCLR 36.46 DEG.C 4 EXTEFF 21.5 X 

5 TAVHTR 550.2 DEG.C 
6 INTEFF 24.2 2 
8 ANPS 1485. AMPS 

VIBRATION 
VXlHOR 0 . 4  CM/S 
VYlVER10.3 CM/S 

REMOTE CALCULATIONS 
PWROUT 1051. WATTS 
IHDPWR 1113. WATTS Tl2HTR 550.4 DEG.C 
PISTST 2.99 CM 
DISPST 2.40 CM PHASE ANGLES 

PADISP 83.6 DEG. 
PAPRES -11.5 DEG. 

T13REG****** DEG.C 
T14REG 457.2 DEG.C 
T15REG 339.7 DEG.C 
T16REG*x**** DEG.C 
T17P.EG 337.7 DEG.C 
T18REG 338.1 DEG.C 

DYNAMIC CALCULATIONS 
PAMPC 1531. KPA 
DISPCP 2.73 CM ENGINE SPEED 

FREQ 31.5 HZ 
9 

10 
11 
12 
13 
14 
15 
16 

QDISPG 4 .  WATTS 
QDISP 20. WATTS 
QREG1 95. WATTS 

PISTCP 2.32 CM 
PDYNDB 1613. KPA 
PDLCLR**xx** EPA T19REG 220.3 DEG.C 

T03HED****** DEG.C 
QREG2 97. WATTS 
QREG3 29. WATTS 
PFP 1027.2 KPA/CM 
PFD 256.0 KPA/CM 
NBEALE 0.00621 

PDLREG****** KPA 
PDLDIS****** KPA 
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A P P E N D I X  D. - CONTINUED. 

RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 01/24/84 15:48:18.91 RDG 937 NASA LEWIS SENSITIVITY TEST DATA 

FLUID HELIUM BAROM 1 .258 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON 
HEAT TO DASHPOT COOLING POWER IN 
FLODP 4.16 L/MIN APlPSl 796. AMPS 

ANPS2 745. AMPS 
TWINDP 16.8 DEG.C VOLTG 3.43 VOLTS 
TDLDP 3.41 DEG.C 
TWODPR 20.9 DEG.C 

ENGINE CHARGE PRESSURE 
PRESUP 7263. KPA 

GAS TEMPERATURES 
TGEXP 794.8 DEG.C 

TGREGH 484.9 DEG.C 
TGREGC 109.6 DEG.C 
TGCOil? 70.9 DEG.C 
TGBOUN 42.3 DEG.C 

SURFACE TEMPERATURES 
TOlHTR 555.3 DEG.C 
T02HTR 553.4 DEG.C 

MEANBP 6991. KPA 
MEANCP 7052. KPA 

TO3HTR 563.6 DEG.C 
T04HTR 540.9 DEG.C 
T05HTR 545.2 DZG.C 
T06HTR 550.7 3EG.C 
T07HTR 510.3 DEG.C 
T081iTP. 553.8 DEG.C 
T09HTR 564.8 DEG.C 
TIOHTI? 554.3 DEG.C 
T11HTR 548.3 DEG.C 
TlPHTR 548.8 DEG.C 

HEAT TO COOLER 
FLOCLR 4.29 L/MIN 
TWINCL 25.3 DEG.C 
TDLCL 12.07 DEG.C 
TWOCLR 37.61 DEG.C 

CALCUL 
PWRIN 
QCOOLR 
QDSHPT 
EXTEFF 
T A V H T R 
INTEFF 
AMPS 
QDISPG 
QDISP 
QREG1 
QREG2 
QREG3 
PFP 
PFD 
NBEALE 

,TED PARAMETERS 
5287. WATTS 
3592. WATTS 
987. WATTS 
21.2 Z 

549.1 DEG.C 
23.7 Z 
1541. AMPS 

4 .  WATTS 
21. WATTS 
94. WATTS 
94. WATTS 

VIBRATION 
VXlHOR 0 . 4  CM/S 
VYlVE.910.9 CM/S 

PHASE ANGLES 
PADISP 83.3 DEG. 
PAPRES -10.6 DEG. 

ENGINE SPEED 
FREQ 31.4 HZ 

REMOTE CALCULATIONS 
PWROUT 1119. WATTS 
INDPL!R 1168. LIATTS 

1 
2 
3 
4 
5 
6 
8 
9 

1 0  
11 
12 
13 
14 
15 
16 

PISTST 3.19 CM 
DISPST 2.50 CI1 

T13REG****** DEG.C 
T14REG 453.6 DEG.C 
T15P.EG 337.9 DEG.C 
T16REG***+** DZG.C 

DYNAMIC CALCULATIONS 
PANPC 1629. KPA 
DISPCP 2.78 CM 
PISTCP 2.26 Cil 
PDYNDB 1675. KPA 
PDLCLR**x*** KPA 
PDLREG****** KPA 
PDLDIS****** KPA 

T17REG 338.8 DEG.C 
T18REG 337.9 DEG.C 
T19REG 222.1 DEG.C 29. WATTS 

024.9 KPA/CM 
240.9 KPA/CM TO3HED****** DEG.C 
0.00622 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 01/24/84 15:51:21.91 RDG 938 

FLUID HELIUM BAROM 14.258 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON 

HEAT TO DASHPOT COOLING POWER IN 
FLODP 4.16 L/MIN AMPSl 836. AMPS 

AMPS2 783. AMPS 
TWINDP 16.9 DEG.C VOLTG 3.60 VOLTS 
TDLDP 3.60 DEG.C 
TWODPR 21.1 DEG.C 

ENGINE CHARGE PRESSURE GAS TEMPERATURES 
PRESUP 7132. KPA TGEXP 811.7 DEG.C 

SURFACE TEMPERATURES 
TOlHTR 556.4 DEG.C 
TOZHTR 
T03UTR 
T04HTR 
TOjHTi! 
TC6HT2 

554.2 
565.6 
540.9 
546.1 
551.1 

T07HTR 509.1 
TO8HTR 555.1 
T09HTR 566.5 

CEG . C 
DE5.C 
DCG. C 
DEG. C 
DEG. C 
DEG. C 

MEANBP 7008. KPA TGREGH 484.0 DEG.C 
MEANCP 7069. KPA TGXEGC 113.0 DEG.C 

TGCOilP 75.4 DEG.C 
TGBOUN 43.1 DEG.C 

DEG. C 
DEG. C HEAT TO COOLER CALCULATED PARAMETERS 

FLOCLR 4.27 L/MIN 1 PWRIN 5831. WATTS 
TWINCL 25.4 DEG.C 2 QCOOLR 3944. WATTS 
TDLCL 13.30 DEG.C 3 QDSHPT 1042. WATTS 
TWOCLR 38.73 DEG.C 4 EXTEFF 19.6 Z 

5 TAVHTR 550.0 DEG.C 
6 INTEFF 22.5 X 
8 APlPS 1618. AMPS 
9 QDISPG 4 .  WATTS 
10 QDISP 21. WATTS 
11 QREG1 92. WATTS 
12 QREG2 92. WATTS 
13 QREG3 29. WATTS 
14 PFP 1032.2 KPA/CM 
15 PFD 234.0 KPA/CM 
16 NBEALE 0.00597 

VIBRATION REMOTE CALCULATIONS 
VXlHOR 0.5 CM/S PWROUT 1144. WATTS 
VYlVER11.6 CM/S INDPWR 11 9 1 . WATTS 

PISTST 3.39 cm 
DISPST 2.53 CM PHASE ANGLES 

PADISP 84.5 DEG. 

TlOHTR 555.6 DEG.C 
TllHTR 549.8 DEG.C 
T12HTR 549.4 DZG.C 

T13REG****** DEG.C 
T14REG 453.3 DEG.C 
T15REG 339.9 DEG.C 
T16REG****** DEG.C 
T17REG 340.2 DEG.C 
Tl8REG 339.7 DEG.C 
T19EEG 226.3 DEG.C 

T03HEDY***** DEG.C 

PAPRES -9.7 D E G .  DYNAMIC CALCULATIONS 

ENGINE SPEED 
FREQ 31.4 HZ 

PAMPC 1747. KPA 
DISPCP 2.82 CM 
PISTCP 2.19 CM 
PDYNDB 1763. KPA 
PDLCLR****** KPA 

PDLDIS****** KPA 
PDLREG***X** 1:PA 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST DO039 REC 01/24/84 16:00:18.91 RDG 939 

FLUID HELIUM BAROM 14.258 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON 

HEAT TO DASHPOT COOLING 
FLODP 4.20 L/MIN 

TWINDP 16.9 DEG.C 
TDLDP 2.18 DEG.C 
TWODPR 19.5 DEG.C 

POWER IN ENGINE CHARGE PRESSURE 
PRESUP 7105. KPA 

MEANBP 6989. KPA 
MEANCP 7025. KPA 

GAS TEMPERATURES 
TGEXP****** DEG.C 

SURFACE TEMPERATURES 
TOlHTR 601.8 DEG.C 
T02HTR 606.0 DEG.C 
T03HTR 609.0 DEG.C 
T04HTR 595.9 DEG.C 
T05HTR 596.1 DEG.C 
T06HT?. 603.7 DEG.C 
T07HTR 569.5 DEG.C 
T08HTR 606.4 DEG.C 
T09HTR 609.0 DEG.C 
TlOHTR 601.4 DEG.C 
TllHTR 597.6 DEG.C 
Tl2HTR 603.2 DEG.C 

AMPSl 564. AMPS 
AMPS2 560. AMPS 
VOLTG 2.50 VOLTS TGREGH 542.8 DEG.C 

TGREGC 93.8 DEG.C 
TGCOrlP 46.4 DEG.C 
TGBOUN 39.9 DEG.C 

HEAT TO COOLER 
, FLOCLR 4.24 L/MIN 

TWINCL 24.9 DEG.C 
TDLCL 6.26 DEG.C 
TWOCLR 31.39 DEG.C 

CALCULATED PARAMETERS 
1 PWRIN 2812. WATTS 
2 QCOOLR 1842. WATTS 
3 QDSHPT 637. WATTS 
4 EXTEFF 22.8 Z 
5 TAVHTR 600.0 DEG.C 
6 INTEFF 25.8 X 
8 AMPS 1124. AMPS 
9 QDISPG****** WATTS 

10 QDISP ****** WATTS 
11 QREG1 115. WATTS 
12 QREG2 111. WATTS 
13 QREG3 35. WATTS 
14 PFP 1044.0 KPAICM 
15 PFD 343.2 KPA/CM 
16 NBEALE 0.00615 

VIBRATION 
VXlHOR 0.3 CM/S 
VYlVER 6.6 CM/S 

REMOTE CALCULATIONS 
PWROUT 640. WATTS 
INDPWR 695. WATTS 
PISTST 1.79 CM 
DISPST 1.73 CM 

DYNAMIC CALCULATIONS 
PAMPC 945. KPA 
DISPCP 2.60 CM 
PISTCP 2.38 CM 
PDYNDB 1088. KPA 
PDLCLR****** KPA 
PDLREG****** KPA 
PDLDIS****** KPA 

PHASE ANGLES 
PADISP 82.5 DEG. 
PAPRES -18.2 DEG. 

ENGINE SPEED 
FREQ 32.3 HZ 

T13REG****** 
T14REG 505.8 
T15REG 371.1 

T17REG 363.5 
T18REG 369.2 
Tl9REG 227.3 

T16REG****** 

DEG. C 
DEG . C 
DEG . C 
DEG . C 
DEG . C 
DEG. C 
DEG . C 

T03HED****** DEG.C 
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APPENDIX  D .  - CONTINUED.  

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 01/24/84 16:05:21.91 RDG 940 

FLUID HELIUM BAROM 14.258 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON 

HEAT TO 
FLODP 

DASHPOT COOLING 
4.25 L/MIN 

POWER IN 
AMPSl 619. AMPS 
AMPS2 577. AMPS 
VOLTG 2.67 VOLTS 

ENGINE CHARGE PRESSURE 
PRESUP 7476. KPA 

GAS TEMPERATURES 
TGEXP1030.6 DEG.C 

SURFACE 
TO lHTR 
T02HTR 
TO3HTR 
T04HTR 
TO5HTR 
T06HTR 
T07HTR 
TO8HTR 

TEMPERATURES 
599.3 DEG.C 
604.9 DEG.C 
607.6 DEG.C 
593.1 DEG.C 
594.6 DEG.C 
599.8 CEG.C 
567.2 DEG.C 
603.1 DEG.C 

TWINDP 16.9 DEG.C 
TDLDP 2.15 DEG.C 
TWODPR 19.7 DEG.C 

MEANBP 7007. KPA 
MEANCP 7052. KPA 

TGREGH 537.5 DEG.C 
TGREGC 95.6 DEG.C 
TGCOIIP 48.3 DEG.C 
TGBOUN 39.3 DEG.C 

HEAT TO COOLER CALCULATED PARAMETERS 
1 PWRIN 3189. WATTS 
2 QCOOLR 1976. WATTS 
3 QDSHPT 635. WATTS 
4 EXTEFF 23.1 2 
5 TAVHTR 597.7 DEG.C 

VIBRATION 
VXlHOR 0.3 CM/S 
VYlVER 7.3 CM/S 

REMOTE CALCULATIONS 
PWROUT 738. WATTS 
INDPWR 802. WATTS 
PISTST 2.00 CM 
DISPST 1.86 CM 

DYNAMIC CALCULATIONS 
PAMPC 1043. KPA 
DISPCP 2.62 CM 
PISTCP 2.43 CM 
PDYNDB 1163. KPA 
PDLCLR****** KPA 
PDLREG****** KPA 
PDLDIS****** KPA 

T09HTR 607.8 DEG.C 
TlOHTR 599.0 DEG.C 
TllHTR 594.7 DEG.C FLOCLR 4.24 L/MIN 

TWINCL 24.8 DEG.C 
TDLCL 6.71 DEG.C 

Tl2HTR 600.9 DEG.C 

PHASE ANGLES 
PADISP 83.1 DEG. 
PAPRES -17.1 DEG. 

ENGINE SPEED 
FREQ 32.2 HZ 

TWOCLR 31.85 DEG.C 
T13REG****** DEG.C 
T14REG 503.9 DEG.C 
T15REG 372.4 DEG.C 
T16REG*”**** DEG.C 
T17REG 360.5 DEG.C 

6 INTEFF 
8 AMPS 
9 QDISPG 

10 QDISP 
11 QREG1 
12 QREG2 
13 QREG3 
1 4  PFP I 
15 PFD 
16 NBEALE 

27.2 2 
1196. AMPS 

6. WATTS 
28. WATTS 
111. WATTS 
110. WATTS 
34. WATTS 

,036.2 KPA/CM 
332.4 KPA/CM 
0.00638 

Tl8REG 367.8 DEG.C 
T19REG 230.4 DEG.C 

T03HED****** DEG.C 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 01/24/84 16:10:18.91 RDG 941 

FLUID HELIUM BARON 14.258 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON 

HEAT TO DASHPOT COOLING 
FLODP 4 . 3 5  L/MIN 

POWER IN 
AMPSl 660. AMPS 
AMPS2 601. AMPS 
VOLTG 2.81 VOLTS 

ENGINE CHARGE PRESSURE 
PRESUP 7124. KPA 

GAS TEMPERATURES 
TGEXP 986.8 DEG.C 

SURFACE TEMPERATURES 
TOlHTR 601.7 DEG.C 

TO3HTR 610.6 DEG.C 
T04HTR 594.1 DEG.C 

TOZHTR 606.8 DEG.C 
TGREGH 536.7 DEG.C 
TGREGC 97.4 DEG.C 
TGCOMP 51.3 DEG.C 
TGBOUN 39.0 DEG.C 

TWINDP 16.9 DEG.C 
TDLDD 2.28 DEG.C 
TL.!ODI-R 19.8 DEG.C 

MEANBP 6999. KPA 
MEANCP 7045. KPA 

T05HTR 597.2 DEG.C 
T06HTR 601.5 DEG.C 
T07HTR 567.6 DEG.C 
T08HTR 604.3 DEG.C 
T09HTR 610.3 DEG.C 
TlOHTR 601.3 DEG.C 
TllHTR 596.1 DEG.C 
Tl2HTR 602.9 DEG.C 

HEAT TO COOLER 
FLOCLR 4.22 LIMIN 
TWINCL 24.8 DEG.C 2 QCOOLR 2199. WATTS 
TDLCL 7.51 DEG.C 3 QDSHPT 690. WATTS 
TCIOCLR 32.55 DEG.C 4 EXTEFF 23.2 2 

5 TAVHTR 599.5 DEG.C 
6 INTEFF 27.2 2 

CALCULATED PARAMETERS 
1 PWRIN 3547. WATTS 

VIBRATION 
VXlHOR 0 . 4  CM/S 
VYlVER 7.9 CM/S 

REMOTE CALCULATIONS 
PWROUT 822. WATTS 
INDPWR 892. WATTS 
PISTST 2.19 CM 

PHASE ANGLES 
PADISP 83.9 DEG. 
PAPRES -15.8 DEG. 

DISPST 1.97 CM 
T13REG****** DEG.C 

DYNAMIC CALCULATIONS 
PAMPC 1132. KPA 
DISPCP 2.64 CM 

Tl4REG 505.4 DEG.C 
T15REG 374.0 DEG.C 
T16REG****** DEG.C 

8 nMPS 1261. AMPS 
9 QDISPG 5. WATTS 

10 PDISP 27. WATTS 
ENGINE SPEED 
FREQ 32.2 HZ PISTCP 2 . 4 4  CM 

PDYNDB 1288. KPA 
PDLCLR****** KPA 

T17REG 360.6 DEG.C 
Tl8REG 369.3 DEG.C 
T19REG 233.3 DEG.C 

11 PREG1 110. WATTS 
’-” QREG2 110. WATTS 
13 QREG3 34. WATTS PDLREG****** KPA 

PDLDIS****** KPA T03HED****** DEG.C 14 PFP 1025.3 KPA/CM 
15 PFD 315.8 KPA/CM 
16 NBEALE 0.00649 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 01/24/84 16:15:18.94 RDG 942 

FLUID HELIUM BAROM 14.258 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON 

ENGINE CHARGE PRESSURE 
PRESUP 7458. KPA 

MEANBP 6996. KPA 
MEANCP 7047. KPA 

GAS TEMPERATURES 
TGEXP 951.3 DEG.C 

TGREGH 535.0 DEG.C 
TGREGC 100.2 DEG.C 
TGCOMP 54.6 DEG.C 
TGBOUN 39.4 DEG.C 

HEAT TO DASHPOT COOLING POWER IN 
FLODP 4.34 L/MIN AMPSl 696. AMPS 

AMPS2 631. AMPS 
TWINDP 16.9 DEG.C VOLTG 2.96 VOLTS 
TDLDP 2.48 DEG.C 

SURFACE TEMPERATURES 
TOlHTR 602.5 DEG.C 
TO2HTR 607.0 DEG.C 
T03HTR 612.0 DEG.C 
T04HTR 593.9 DEG.C 
TO5HTR 597.7 DEG.C 
T06HTR 601.2 DEG.C 
T07HTR 566.7 DEG.C 
T08HTR 604.3 DEG.C 
T09HTR 611.7 DEG.C 
TlOHTR 601.9 DEG.C 
TllHTR 596.4 DEG.C 
Tl2HTR 602.7 DEG.C 

TNODPR 20. o DEG .C 

HEAT TO COOLER CALCULATED PARAMETERS 
FLOCLR 4.24 LININ 1 PLIRIN 3929. WATTS 
TWINCL 24.9 DEG.C 2 QCOOLR 2471. WATTS 
TDLCL 8.39 DEG.C 3 PDSHPT 750. WATTS 
T!*JOCLR 33.45 DEG.C 4 EXTEFF 23.1 2 

5 TAVHTR 599.8 DEG.C 
6 INTEFF 26.9 2 
8 AMPS 1327. AMPS 
9 QDISPG 5. WATTS 

10 QDISP 25. WATTS 
11 QREG1 110. WATTS 
12 QREGZ 108. WATTS 
13 QREGS 34. WATTS 
14 PFP 1033.5 KPA/CM 

VIBRATION 
VXlHOR 0 . 4  CM/S 
VYlVER 8.6 CM/S 

PHASE ANGLES 
PADISP 83.8 DEG. 
PAPRES -14.9 DEG. 

ENGINE SPEED 
FREQ 32.0 HZ 

REMOTE CALCULATIONS 
PWROUT 908. WATTS 
INDPWR 988. WATTS 
PISTST 2.40 CM 
DISPST 2.09 CM 

T13REG****** DEG.C 
T14REG 504.3 DEG.C 
T15REG 373.6 DEG.C 
T16REG****** DEG.C 
T17REG 360.1 DEG.C 
T18EEG 370.5 DEG.C 
T19REG 234.8 DEG.C 

T03HED****** DEG.C 

DYNAMIC CALCULATIONS 
PAMPC 1245. KPA 
DISPCP 2.61 CM 
PISTCP 2.45 CM 
PDYNDB 1375. KPA 
PDLCLR****** KPA 
PDLREG****** KPA 
PDLDIS****** KPA 

15 PFD -308.4 KPAICM 
16 NBEALE 0.00659 ORlGENAL PAGE IS 

OF POOR QUALITY 
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NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 01/24/84 16:24:31.06 RDG 943 

FLUID HELIUM BARON 14.258 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON 

HEAT TO DASHPOT COOLING PCWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES 
AMPSl 730. AMPS PRESUP 7459. KPA TGEXP 900.7 DEG.C FLODP 4.34 L/MIN 
AMPS2 660. AMPS 
VOLTG 3.10 VOLTS MEANBP 7007. KPA TGREGH 532.2 DEG.C TWINDP 16.9 DEG. C 

- TDLDP 2.75 DEG.C MEANCP 7059. KPA TGREGC 103.1 DEG.C 
TL.!ODPR 20.3 DEG.C TGCOMP 58.6 DEG.C 

TGBOUN 40.2 DEG.C 

SURFACE TEYPERATURES 
TOlHTR 602.5 DEG.C 
T02HTR 605.8 DEG.C 
T03HTR 612.3 CEG.C 
T 0 4 ti TP. 
TO5HTR 
TOOHTR 
T 0 7 HT P. 
TC8%TR 
T09iiTR 
TlCHTR 
T11HTR 
TlZH'iR 

592.2 
597.3 
600.1 
564.5 
602.7 
611.6 
601.8 
595.6 
601.5 

DEG. C 
DEG.  C 
DEG. C 
DEG . C 
CES. C 
DEG. C 
DEG . C 
DES. C 
DEG. C 

HEAT TO COOLER CALCULATED PARAMETERS 
1 PGIRIN 4 3 1 4 .  WATTS 
2 QCCOLR 2723. WATTS 
3 QDSHPT 831. WATTS 
4 EXTEFF 23.2 2 

VIBRATION 
VXlHOR 0.5 CM/S 
VYlVER 9.2 CM/S 

REMOTE CALCULATIONS FLOCLR 4.26 
TIJINCL 25.0 
TDLCL 9.20 

L/MIN 
DEG . C 
DEG. C 
DEG . C 

PNROUT 10 0 1 . WATTS 
INDPWR 1078. WATTS 
PISTST 2.59 CM 
DISPST 2.20 CM TWOCLR 34.45 PHASE ANGLES 

PADISP 83.7 DEG 
PAPRES -14.3 DEG 

5 TAVHTR 599.0 DEG.C 
6 INTEFF 26.9 2 
8 AIIPS 1390. AMPS 

T13EEG****** 
T14REG 502.8 
TlCDEG 373.7 
TlSREG**++** 
T17P.EG 359.9 
T18REG 370.5 
T19EEG 237.4 

DEG . C 
DEG. C 
DEG. C 
DIG. C 
DEG. C 
DES. C 
DEG . C 

DYNAMIC CALCULATIONS 
PAMPC 1339. KPA 
DISPCP 2.68 CM 9 

10 
11 
12 
13 
14 
15 
16 

QDISPG 
QDISP 
QREG1 
QREG2 
QREG3 
PFP I 
PFD 
NBEALE 

5. WATTS 
24. W?.TTS 
108. WATTS 

ENGINE SPEED 
FREQ 31.9 HZ PISTCP 2.48 CM 

PDYNDB 1450. KPA 
PDLCLR****** KPA 107. WATTS 

33. WATTS 
. O  2 9.1 KPA/CM 
301.7 KPA/CM 
0.00674 

PDLREG****'* KPA 
PDLDIS****** KPA TO3HED****** DEG.C 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 01/24/84 16:28:19.08 RDG 944 

FLUID HELIUM BARON 14.258 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON 

HEAT TO DASHPOT COOLING 
FLODP 4.33 L/MIN 

POWER IN ENGINE CHARGE PRESSURE 
PRESUP 7439. KPA 

MEANBP 6982. KPA 
MEANCP 7031. KPA 

GAS TEMPERATURES 
TGEXP 898.6 DEG. C 

SURFACE 
TOlHTR 
T02HTR 
T03HTR 
T04HTR 
TO5HTR 
TO6HTR 
T071iTR 
TO8HTR 
T09ilTP. 
T1 OHTR 
T11HTR 
Tl2HTR 

TEMPERATURE 
603.5 DEG.C 
604.9 DEG.C 
612.9 DEG.C 
591.7 DEG.C 

AMPS1 765. AMPS 
AFlPS2 689. AMPS 
VOLTG 3.25 VOLTS TWINLP 16.9 DEG.C 

TDLDP 2.97 DEG.C 
TWODPR 20.5 DEG.C 

TGREGH 532.0 DEG.C 
TGREGC 106.5 DEG.C 
TGCOilP 62.7 DEG.C 
TGEOUN 40.7 DEG.C 

596.8 DEG.C 
599.9 DEG.C 
563.0 DEG.C 
603.2 DEG.C 
613.2 DEG.C 
602.7 DEG.C 
597.1 DEG.C 
600.1 DEG.C 

HEAT TO COOLER CALCULATED PARAMETERS 
1 PLIRIN 4725. WATTS 
2 QCOOLR 2991. WATTS 
3 QDSHPT 895. WATTS 
4 EXTEFF 23.2 X 

VIBRATION 
VXlHOR 0 . 5  CM/S 
VYlVER 9.9 CM/S 

REMOTE CALCULATIONS 
PWROUT 1095. WATTS 
INDPWR 1171. WATTS 
PISTST 2.81 CM 
DISPST 2.32 CM 

FLOCLR 4.27 LININ 
TWINCL 25.1 DEG.C 
TDLCL 10.10 DEG.C 
TWOCLR 35.40 DEG. C PHASE ANGLES 

PADISP 82.5 DEG. 
PAPRES -13.6 DEG. 

T13REG****** DEG.C 
T14REG 501.0 DEG.C 
T15REG 371.8 DEG.C 
T16REG*++**+ DEG.C 
T17REG 362.9 DEG.C 
T18PEG 367.9 D X . C  
T19REG 237.5 DCG.C 

T03HEDY***** DEG.C 

DYNAMIC CALCULATIONS 
PLMPC 1437. KPA 
DISPCP 2.70 CM 
FISTCP 2.46 CM 
PDYNDB 1500. KPA 
PDLCLR****** KPA 
PDLREG****** KPA 

ENGINE SPEED 
FREQ 31.6 HZ 

PDLDIS****** KPA 

NASA LEWIS SENSITIVITY TEST DATA RE 1 0 0 0  FREE PISTON STIRLING ENGINE TEST D003, REC 01/24/84 16:32:22.08 RDG 945 

FLUID HELIUM BARON 14.258 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON 

HEAT TO DASHPOT COOLING POWER IN 
FLODP 4.32 L/MIN AMPSl 803. AMPS 

ENGINE CHARGE PRESSURE 
PRESUP 7141. KPA 

MEANBP 7036. KPA 
MEANCP 7105. KPA 

GAS TEMPERATURES 
TGEXP 921.7 DEG.C 

TGREGH 531.0 DEG.C 
TGREGC 110.4 DEG.C 
TGCOMP 67.4 DEG.C 
TGBOUN 42.1 DEG.C 

SURFACE TEMPERATURES 
TOlHTR 604.3 DEG.C AMPS2 721. AMPS 

TWINDP 17.0 DEG.C VOLTG 3.40 VOLTS 
TDLDP 3.24 DEG.C 
TWODPR 20.8 DEG.C 

T02HTR 
T03HTR 
T04HTR 
T05HTR 
T06HTR 
T07HTR 
TO8HTR 
TO 9HTR 

604.0 
613.6 
590.8 
596.2 
599.8 
560.6 
603.5 
614.0 

- 
DEG . C 
DEG . C 
DEG . C 
DEG . C 
DEG. C 
DEG . C 
DEG . C 
DEG. C HEAT TO COOLER CALCULATED PARAMETERS 

1 PWRIN 5185. WATTS 
2 QCOOLR 3303. WATTS 
3 QDSHPT 975. WATTS 
4 EXTEFF 22.9 2 
5 TAVHTR 598.9 DEG.C 
6 INTEFF 26.4 2 

VIBRATION 
VXlHOR 0.5 C W S  
VYlVER10.5 CM/S 

REMOTE CALCULATIONS 
PCIROUT 1187. WATTS 
INDPWR 1260. WATTS 
PISTST 2.99 CM 

TlOHTR 603.4 DEG.C 
TllHTR 597.8 CEG.C 
Tl2HTR 599.2 DEG.C 

FLOCLR 4.25 L/MIN 
* TWINCL 25.1 DEG.C 

TDLCL 11.19 DEG.C 
TWOCLR 36.56 DEG.C PHASE ANGLES 

PADISP 82.9 DEG. 
PAPRES -12.8 DEG. 

ENGINE SPEED 
FREQ 31.7 HZ 

DISPST 2.42 CM 
DYNAMIC CALCULATIONS 

T13REG****** DEG.C 
T14REG 499.3 DEG.C 
T15REG 370.6 DEG.C 
T16REG****** DEG.C 
T17REG 365.1 DEG.C 
T18REG 367.9 DEG.C 

8 
9 

10 
11 
12 
13 
14 
15 
16 

AMPS 
QDISPG 
QDISP 
QREG1 
QREG2 
QPEG3 
PFP 1 
PFD 
NSEALE 

1524. AMPS 
5. WATTS 

24. WATTS 
105. WATTS 
107. WATTS 
33. WATTS 

032.1 KPA/CM 
284.2 KPA/CM 
0.00693 

PAMPC 1540. KPA 
DISPCP 2.72 CM 
PISTCP 2.41 CM 
PDYNDB 1588. KPA 
PDLCLR****** KPA 
PDLREG****** KPA 
PDLDIS****** KPA 

T19REG 238.3 DEG.C 

T03HED****** DEG.C 
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A P P E N D I X  D .  - CONCLUDED. 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 01/24/84 16:35:28.08 RDG 946 

FLUID HELIUM BAROM 14.258 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON 

HEAT TO DASHPOT COOLING 
FLODP 4.30 L/MIN 

POWER IN 
AMPSl 829. AMPS 
AMPS2 758. AMPS 
VOLTG 3.54 VOLTS 

ENGINE CHARGE PRESSURE 
PRESUP 7448. KPA 

GAS TEMPERATURES 
TGEXP 969.6 DEG.C 

SURFACE TEMPERATURES 
TOlHTR 607.8 DEG.C 
T02HTR 603.5 DEG.C 
TO3HTR 616.3 CEG.C 
T04HTR 590.5 DEG.C MEANB? 7005. KPA 

MEAtiCP 7072. KPA 
TGREGH 531.8 DEG.C 
TtiREGC 113.5 DEG.C 
TGCONP 70.9 DEG.C 

TWINDP 17.1 DEG.C 
TDLD? 3.45 DEG.C 
TWODPR 21.1 DEG.C T05HTR 

T06HTR 
T07HTR 
T08HTR 
TO9tiTR 
TlOHTR 
TllHTX 
T12HTR 

596.4 DEG.C 
602.2 DEG.C 
558.9 DEG.C 
604.7 DEG.C 
615.1 DEG.C 
606.8 DEG.C 
599.6 DEG.C 
599.0 DEG.C 

TGBOUN 42.9 DEG.C 

REMOTE CALCULATIONS 
PWROUT 1274. WATTS 
INDPGIR 1348. MATTS 

DISPST 2.53 CM 

DYNAMIC CALCULATIONS 

PISTST 3.19 cri 

HEAT TO COOLER 
FLOCLR 4.27 L/MIN 

TDLCL 12.10 DEG.C 
TWOCLR 37.42 DEG.C 

TI,!INCL 25.2 DEG.C 

CALCULATED PARAMETERS VIBRATION 
VXlHOR 0.6 CM/S 
VYlVER11.2 CM/S 

PHASE ANGLES 
PADISP 82.1 DEG. 
PAPRES -12.2 DEG. 

ENGINE SPEED 
FREQ 31.6 HZ 

1 PWRIN 5619. WATTS 
2 QCOOLR 3587. WATTS 
3 QDSH?T 1034. WATTS 
4 EXTEFF 22.7 2 
5 TAVHTR 600.1 DEG.C T13REG****** DEG.C 

T14REG 497.7 DEG.C 
T15REG 368.7 DEG.C 
T16REG**+*’* DEG.C 
T17REG 370.2 DEG.C 
T18REG 369.9 DEG.C 
T19REG 238.2 DEG.C 

6 
8 
9 
10 
11 
12 
13 
14 
15 
16 

INTEFF 
AVPS 
QDISPG 
QDISP 
QREGl 
QREGZ 
QREG3 
PFP 1 
PFD 
NBEALE 

26.2 X 
1587. AMPS 

5. WATTS 
26. WATTS 
107. WATTS 
104. WATTS 
32. WATTS 

.O 36.2 KPAICM 
278.1 KPA/CM 
0.00702 

PAMPC 1644. KPA 
DISPCP 2.80 CM 
PISTCP 2.30 CM 
PDYNDB 1700. KPA 
PDLCLR****** KPA 
PDLREG****** KPA 
PDLDIS****** KPA T03HED****** DEG.C 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 01/24/84 16:37:28.08 RDG 947 

FLUID HELIUM BAROM 14.258 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON 

HEAT TO DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES 
FLODb’ 4.33 L/MIN AMPSl 844. AMPS PRESUP 7445. KPA TGEXP1005.3 DEG.C 

TG!INDP 17.1 DEG.C VOLTG 3.68 VOLTS MEANBP 6998. KPA TGREGH 531.1 DEG.C 
TDLDP 3.67 DEG.C MEANCP 7074. KPA TGP.EGC 117.2 DEG.C 
TWODPR 21.4 DEG.C TGCOMP 75.3 DEG.C 

TGBOUN 43.5 DEG.C 

AMPS2 805. AMPS 

SURFACE TEMPERATURES 
TOlHTR 608.8 DEG.C 
TOZHTR 603.4 DEG.C 
T03HTR 617.5 DEG.C 
T04HTR 589.7 DEG.C 
T05HTR 596.9 DEG.C 
TO6HTR 602.3 DEG.C 
T07HTR 557.6 DEG.C 
T08HTR 604.9 DEG.C 
T09HTR 616.2 DEG.C 

HEAT TO COOLER 
FLOCLR 4.27 L/MIN 
TWINCL 25.2 DEG.C 
TDLCL 13.21 DEG.C 
TL.!OCLR 38.48 DEG. C 

1 
2 
3 
4 
5 
6 
8 
9 

10 
11 
12 
13 
14 
15 
16 

CALCULR 
PWRIN 
QCOOLR 
QDSHPT 
EXTEFF 
TAVHTR 
INTEFF 
AMPS 
QDISPG 
QDISP 
QREG1 
QREG2 
QREG3 
PFP 1 
PFD 
NBEALE 

,TED PARAMETERS 
6067. WATTS 
3910. WATTS 
1106. WATTS 

600.4 DEG.C 

1649. AMPS 

22.1 2 

25.5 X 

5. WATTS 
26. WATTS 
105. WATTS 
103. WATTS 
32. WATTS 

,046.3 KPA/CM 
272.4 KPA/CM 
0.00697 

VIBRATION 
VXlHOR 0.6 CM/S 
VYlVER11.8 CM/S 

PHASE ANGLES 
PADISP 82.4 DEG. 
PAPRES -11.4 DEG. 

REMOTE CALCULATIONS 
PWROUT 1340. WATTS 
INDPWR 14 10. WATTS 
PISTST 3.38 CM 
DISPST 2.57 CM 

TlOHTR 607.7 DEG.C 
TllHTR 600.4 DEG.C 
TlZHTR 599.0 DEG.C 

T13REG****** 
T14REG 498.2 
T15REG 371.0 
T16REG****** 
T17REG 372.2 
T18REG 371.5 

DEG . C 
DEG . C 
DEG . C 
DEG. C 
DEG . C 
DEG . C 
DEG. C 

DYNAMIC CALCULATIONS 
PAMPC 1757. KPA 
DISPCP 2.82 CM ENGINE SPEED 

FREQ 31.6 HZ PISTCP 2.19 CM 
PDYNDB 1763. KPA 
PDLCLR****** KPA 
PDLREG****** :PA 
PDLDIS****** A 

T19REG 242.1 

T03HED****** DEG.C 

NASA LEWIS SENSITIVITY TEST DATA RE 1 0 0 0  FREE PISTON STIRLING ENGINE TEST D003, REC 01/24/84 16:40:31.08 RDG 
948 

FLUID HELIUM BAROM 14.258 PSI REGENERATOR 2 DISPLACER 2 STANDARD PISTON 
ENGINE CHARGE PRESSURE GAS TEMPERATURES 

PRESUP 7112. KPA TGEXP 605.1 DEG.C 
SURFACE TEMPERATURES 
TOlHTR 612.9 DEG.C 
T02HTR 607.0 DEG.C 
T03HTR 622.4 DEG.C 
T04HTR 592.7 DEG.C 
T05HTR 601.0 DEG.C 
T06HTR 605.5 DEG.C 

HEAT TO DASHPOT COOLING POWER IN 
FLODP 4.31 L/MIN AMPSl 859. AMPS 

AMPS2 865. AMPS MEANBP 6998. KPA TGREGH 532.2 DEG.C 
MEANCP 7094. KPA TGREGC 121.7 DEG.C 

TGCOMP 80.3 DEG.C 
TGBOUN 44.7 DEG.C 

TWINDP 17.2 DEG.C VOLTG 3.86 VOLTS 
TDLDP 3.92 DEG.C 
TWODPR 21.7 DEG.C 

T07HTR 559.8 DEG.C 
T08HTR 608.5 DEG.C 
T09HTR 621.0 DEG.C 
TlOHTR 612.1 DEG.C 
TllHTR 604.4 DEG.C 
T12HTR 602.3 DEG.C 

HEAT TO COOLER CALCULATED PARAMETERS 
FLOCLR 4.28 L/MIN 1 PWRIN 6649. WATTS 
TWINCL 25.2 DEG.C 2 QCOOLR 4363. WATTS 
TDLCL 14.69 DEG.C 3 QDSHPT 1176. WATTS 
TWOCLR 39.99 DEG.C 4 EXTEFF 21.1 2 

5 TAVHTR 604.1 DEG.C 

VIBRATION REMOTE CALCULATIONS 
VXlHOR 0.6 CM/S PWROUT 1400. WATTS 
VYlVER12.5 CM/S INDPWR 1495. WATTS 

PISTST 3.60 CM 
PHASE ANGLES DISPST 2.58 CM 

T13REG****** DEG.C PADISP 81.6 DEG. 
PAPRES -10.7 DEG. 

ENGINE SPEED 
FREQ 31.7 HZ 

DYNAMIC CALCULATIONS 
PAMPC 1919. KPA 
DISPCP 2.89 CM 
PISTCP 2.04 CM 
PDYNDB 1888. KPA 
PDLCLR****** KPA 
PDLREG****** KPA 
PDLDIS****** KPA 

T14REG 499.2 DEG.C 
T15REG 372.6 DEG.C 
T16REG****** DEG.C 

6 INTEFF 24.3 2 
8 AMPS 1724. AMPS 
9 QDISPG 3. WATTS T17REG 373.7 DEG.C 

T18REG 372.0 DEG.C 
T19REG 246.0 DEG.C 

10 QDISP 15. WATTS 
11 QREG1 102. WATTS 
12 QREG2 103. WATTS 
13 QREG3 32. WATTS 
14 PFP 1077.5 KPA/CM 
15 PFD 279.5 KPA/CM 
16 NBEALE 0.00683 

T03HED****** DEG.C 

ORIGINAL PAGE %S 
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TABLE I .  - NUMBER OF DATA POINTS PER CONFIGURATION 

[Regenerator and d i s p l a c e r  1 were designed f o r  
h i g h  e f f i c i e n c y .  Regenerator and d i s p l a c e r  2 
were designed f o r  h i g h  power.] 

Regenerator 

No. 1 
No. 1 
No. 2 
No. 2 
No. 1 
No. 1 
No. 1 

D i  sp lace r  

No. 1 
No. 2 
No. 2 
No. 1 

1 

Power 
p i s t o n  

Std  

L i g h t  

Working 
f l u i d  

He1 3 urn 

I 
Argon 

N i t r o g e n  
He1 i urn 

Number o f  
da ta  p o i n t s  

150 
174 
189 
108 

12 
64 
84 
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TABLE I 1  . . DESCRIPTION OF THE GEOMETRY OF THE RE-1000 

Number o f  c y l i n d e r s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
Housing we igh t .  Kg ( l b )  . . . . . . . . . . . . . . . . . . . . . .  416 (917) 
Type . . . . . . . . . . . . . . . . . . . . . . . .  f r e e - p i s t o n  w i t h  dashpot 
Design work ing  f l u i d  . . . . . . . . . . . . . . . . . . . . . . . . .  he l i um 
Design frequency. Hz  . . . . . . . . . . . . . . . . . . . . . . . . . . .  30 
Design pressure .  Mpa . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 . 0  
Bounce space volume. cm3 ( i n . 3 )  . . . . . . . . . . . . . . . . .  20. 500 (1250) 
Design power. W . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1000 
Design d i s p l a c e r  phase ang le  . . . . . . . . . . . . . . . . . . . . . . .  45 
C y l i n d e r  bore. cm ( i n . )  . . . . . . . . . . . . . . . . . . . .  5.722 (2.2527) 

Maximum d i s p l a c e r  1 s t roke .  cm ( i n . )  . . . . . . . . . . . . . .  4.01 (1.579) 
D isp lace r  1 l e n g t h .  cm ( I n . )  . . . . . . . . . . . . . . . . . .  15.21 (5.99) 

Maximum d i s p l a c e r  2 s t r o k e .  cm ( i n . )  . . . . . . . . . . . . . .  5.18 (2.039) 
D isp lace r  2 l eng th .  cm ( i n . )  . . . . . . . . . . . . . . . . . .  14.05 (5.53) 

Maximum power p i s t o n  s t roke .  cm ( i n . )  . . . . . . . . . . . . . .  4.35 (1.713) 

Cooler 
D e s c r i p t i o n  . . . . . . . . . . . . . . . . .  135 r e c t a n g u l a r  gas passages 
Passage w id th .  cm ( i n . )  . . . . . . . . . . . . . . . . . .  0.0508 (0.020) 
Passage depth. cm ( i n . )  . . . . . . . . . . . . . . . . . . .  0.376 (0.148) 
Length. cm ( i n . )  . . . . . . . . . . . . . . . . . . . . . . .  7.92 (3.118) 
Flow area. cm2 ( i n . ? )  . . . . . . . . . . . . . . . . . . . .  2.58 (0.400) 
Wetted pe r ime te r .  cm ( i n . )  . . . . . . . . . . . . . . . . .  115.2 (45.354) 
Volume. cm3 ( i n . 3 )  . . . . . . . . . . . . . . . . . . . . . .  20.42 (1.246) 

D e s c r i p t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  t u b u l a r  
Tube m a t e r i a l  . . . . . . . . . . . . . . . . . . . . . . . . .  Incone l  718 
Number o f  tubes . . . . . . . . . . . . . . . . . . . . . . . . . . . .  34 
Tube leng th .  cm ( i n . )  . . . . . . . . . . . . . . . . . . . .  18.34 (7.220) 
Tube i n s i d e  diameter.  mm ( i n . )  . . . . . . . . . . . . . . . .  2.362 (0.093) 
Tube o u t s i d e  diameter.  mm ( i n . )  . . . . . . . . . . . . . . .  3.175 (0.125) 
Design maximum w a l l  temperature.  "C ( O F )  . . . . . . . . . . . .  650 (1202) 

Length c o n t a i n i n g  w i r e  mesh. cm ( i n . )  . . . . . . . . . . . .  6.446 (2.538) 
Outs ide  d iameter .  cm ( i n . )  . . . . . . . . . . . . . . . . . .  7.18 (2.825) 
I n s i d e  d iameter .  cm ( i n . )  . . . . . . . . . . . . . . . . . .  6.07 (2.391) 
Inne r  w a l l  t h i ckness .  cm ( i n . )  . . . . . . . . . . . . . . . . .  0.13 ( 0 . 0 5 )  
M a t r i x  m a t e r i a l  . . . . . . . . . . . . . . . . . . . . . . . .  304SS Metex 
Wire d iameter .  mm ( i n . )  . . . . . . . . . . . . . . . . . .  0.0889 (0.0035) 

P o r o s i t y .  regenera to r  2. pe rcen t  . . . . . . . . . . . . . . . . . . .  81.2 
Weight o f  m a t r i x .  . regenerator 1. g ( l b )  . . . . . . . . . . . .  139 (0.31) 
Weight o f  m a t r i x .  regenera to r  2. g ( l b )  . . . . . . . . . . . .  108 (0.24) 

Heater 

Regenerator 

P o r o s i t y .  regenera tor  1 . percen t  . . . . . . . . . . . . . . . . . . .  75.9 

P i  stons 
Standard power p i s t o n  o s c i l l a t i n g  mass. kg  ( l b )  . . . . . . .  5.97 (13.17) 
L i g h t  power p i s t o n  o s c i l l a t i n g  mass. kg ( l b )  . . . . . . . . . .  3.48 (7 .67)  
Power p i s t o n  d iameter .  cm ( i n . )  . . . . . . . . . . . . . .  5.718 (2.2514) 
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TABLE I 1  . . Continued 
Displacer 1 mass. kg (1b) . . . . . . . . . . . . . . . . . . .  0.426 (0.939) 
Displacer 1 diameter. cm (in.) . . . . . . . . . . . . . . . .  5.67 (2.232) 
Displacer 1 rod diameter. cm (in.) . . . . . . . . . . . . .  1.663 (0.6548) 
Oisplacer 1 bore. cm (in.) . . . . . . . . . . . . . . . . .  1.666 (0.6560) 
Oisplacer 2 mass. kg (1b) . . . . . . . . . . . . . . . . . .  0.381 (0.840) 
Displacer 2 diameter. cm (in.) . . . . . . . . . . . . . . . .  5.67 (2.232) 
Displacer 2 rod diameter. cm (In.) . . . . . . . . . . . . .  1.806 (0.7110) 
Displacer 2 bore. cm (in.) . . . . . . . . . . . . . . . . .  1.808 (0.7118) 

Dead volumes 
Oisplacer l/cylinder annular gap. cm3 (in.3) . . . . .  
Displacer 2/cyllnder annular gap. cm3 (in.3) . . . . .  
Expansion space Instrumentation ports. cm3 (in.3) . . 
Expansion space to heater tube junction. cm3 (in.3) . 
Heater tubes. cm3 (in.3) . . . . . . . . . . . . . . .  
Heater tube to regenerator plenum junction. cm3 (in.3) 

Instrumentation ports (heater/regenerator). cm3 (in.3) 
Regenerator 1. cm3 (in.3) . . . . . . . . . . . . . .  
Regenerator 2. cm3 (in.3) . . . . . . . . . . . . . .  
Regenerator cold end plenum. cm3 (111.3) . . . . . . .  
Instrumentation orts (regenerator/cooler). cm3 (in.3) 
Cooler. cm3 (in ) . . . . . . . . . . . . . . . . . .  
Cooler plenum at the compression space. cm3 (in.3) . . 
Compression space instrumentation ports. cm3 (in.3) . 
Cylinder ports. cm3 (in.3) . . . . . . . . . . . . . .  
Piston/spider clearance. cm3 (in.3) . . . . . . . . .  
Annular ring around the spider. cm3 (in.3) . . . . . .  
Oisplacer LVDT core. cm3 (ln.3) . . . . . . . . . . .  
Power piston center port. cm3 (in.3) . . . . . . . . .  

Regenerator hot end plenum. cm3 (in.3) . . . . . . . .  
Regenerator plenum ring. cm3 (111.3) . . . . . . . . .  

. !i 

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. . . .  

. 9.83 (0.60) 

. 8.36 (0.51) 

. 1.64 (0.10) 

. 3.80 (0.23) 

. 27.4 (1.67) 

. 5.90 (0.36) 

. 4.10 (0.25) 

. 0.83 (0.05) 

. 1.64 (0.10) 

. 56.1 (3.42) 

. 69.1 (3.67) 

. 4.23 (0.26) 

. 3.41 (0.21) 
20.42 (1.25) 
. 7.15 (0.44) 
. 3.15 (0.19) 
. 1.21 (0.07) 
. 18.4 (1.21) . 3.82 (0.23) 
. 2.95 (0.18) 
. 5.90 (0.36) 

Materials 
Heater head 

Regenerator outer cyllnder . . . . . . . . . . . . . . . . . . . .  31655 
Expansion space dome . . . . . . . . . . . . . . . . . . . . . . .  31655 
Regenerator inner cylinder wall . . . . . . . . . . . . . . . . . .  31655 

Displacer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  32155 
Cooler . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6061 -T6 A1 
Cy 1 i nder 

Power piston . . . . . . . . . . .  6061-T6 A1 with chrome oxide coating 
Displacer . . . . . . . . . . . . . . . .  304SS with chrome oxide coating 

Standard power piston . . . . . . . . . .  6061-T6 A1 body wlth Xylan Coating 
and mild steel mass 

Light power piston . . . . . . . . . . .  6061-T6 A1 body with Xylan coating 
and A1 mass 

Diametral clearances 
Oisplacer 1 rod/rod cylinder. mm (in.) . . . . . . . . . . .  0.030 (0.0012) 
Oisplacer 1 body/displacer cylinder. mm (in.) . . . . . . . .  0.381 (0.015) 
Displacer 2 rod/rod cylinder. mm (in.) . . . . . . . . . . .  0.020 (0.0008) 
Displacer 2 body/displacer cylinder. mm (in.) . . . . . . . .  0.381 (0.015) 
Power piston/piston cylinder. mm (In.) . . . . . . . . . . . .  0.033 (0.001) 
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TABLE I1 . . Concluded 

D isp lace r  gas s p r i n g  
No . 1 des ign  mean volume. cm3 ( l n . 3 )  . . . . . . . . . . . . .  31.79 (1 .94)  
No . 1 rod  d iameter .  cm ( i n . )  . . . . . . . . . . . . . . . . .  1.663 (0.655) 
No . 2 des ign  mean volume. cm3 ( i n . 3 )  . . . . . . . . . . . . .  18.8 (1.147) 
No . 2 rod  diameter.  cm ( i n . )  . . . . . . . . . . . . . . . . .  1.806 (0.711) 

Center p o r t s  
Power p i s t o n  p o r t  l o c a t i o n .  d i s t a n c e  f rom inward 

c e n t e r  p o r t  opening p o s i t i o n .  cm ( i n . )  . . . .  
D isp lace r  1. d i s t a n c e  f rom expansion space l i m i t  

p o s i t i o n  where t h e  cen te r  p o r t  opens. cm ( i n . )  
D i s p l a c e r  2. d i s t a n c e  f rom expansion space l i m i t  

p o s i t l o n  where t h e  c e n t e r  p o r t  opens. cm ( I n . )  
Center p o r t  d iameter.  power p i s t o n .  mm ( i n . )  . . 
Center p o r t  d iameter .  d i s p l a c e r s .  mm ( i n . )  . . .  

1 i m i  t t o  
. . . . . . . .  2.05 (0.81) 
t o  
. . . . . . . .  1.90 (0.75) 
t o  
. . . . . . . .  2.64 (1 .04)  
. . . . . . . .  1.1 (0.042) 
. . . . . . . .  1 . 0 (0.040) 

91 



TABLE I11 . . RE-1000 ENGINE VOLUMES WHEN THE PISTON 

AND DISPLACER AT THEIR CENTER PORT POSIT IONS 

Expansion space cm3 (111.3) 
Clearance around d i s p l a c e r  1 . . . . . . . . . . . . . . . . . .  9.83 (0.60) 
Clearance around d i s p l a c e r  2 . . . . . . . . . . . . . . . . . .  8.36 (0 .51)  
Between t h e  d i s p l a c e r  and t h e  end o f  t h e  c y l i n d e r  . . . . . . .  50.1 (3.06) 
I n s t r u m e n t a t i o n  p o r t s  . . . . . . . . . . . . . . . . . . . . .  1.64 (0.10) 
T o t a l  w i t h  D1 . . . . . . . . . . . . . . . . . . . . . . . . .  61.6 (3 .76)  

Expansion-heater connect ing  duc t  
Expansion t o  hea te r  tube j u n c t i o n  . . . . . . . . . . . . . .  3.80 (0.232) 

Heater assembly 
Heated p o r t i o n  o f  t h e  tubes . . . . . . . . . . . . . . . . . .  27.4 (1.67) 

Heater - regenera tor  duc t  
Heater tube t o  regenera to r  plenum j u n c t i o n  . . . . . . . . . .  5.90 (0.360) 
Regenerator h o t  end plenum . . . . . . . . . . . . . . . . . .  4.10 (0.250) 
Regenerator plenum r i n g  . . . . . . . . . . . . . . . . . . .  0.83 (0.051) 
I n s t r u m e n t a t i o n  p o r t s  . . . . . . . . . . . . . . . . . . . . .  1.64 (0.10) 
T o t a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  12.47 (0.761) 

Regenerator 
Regenerator dead volume R1 . . . . . . . . . . . . . . . . . .  56.1 (3.42) 
Regenerator dead volume R2 . . . . . . . . . . . . . . . . . . .  60.1 (3.67) 

Regenerator-cooler duc t  
Regenerator c o l d  end plenum r i n g  . . . . . . . . . . . . . . .  0.84 (0.051) 
Regenerator c o l d  end plenum . . . . . . . . . . . . . . . . .  4.23 (0.258) 
I n s t r u m e n t a t l o n  p o r t s  . . . . . . . . . . . . . . . . . . . .  0.93 (0.057) 
Heater f l a n g e  f i t t i n g s  . . . . . . . . . . . . . . . . . . . .  3.41 (0.208) 
T o t a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9.41 (0.574) 

Cooler 
Cooler passages . . . . . . . . . . . . . . . . . . . . . .  20.4 (1.25) 

Cooler-compression space d u c t  
Cooler plenum a t  compression space . . . . . . . . . . . . . .  7.14 (0.436) 
C y l i n d e r  p o r t s  . . . . . . . . . . . . . . . . . . . . . . . .  1.21 (0.074) 
T o t a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8.36 (0.51 0)  

Compression space 
Between d i s p l a c e r  and sp ide r  w i t h  D1 . . . . . . . . . . . . . .  49.0 (2 .99)  
Between d i s p l a c e r  and sp ide r  w i t h  D2 . . . . . . . . . . . . . .  58.5 (3.57) 
From p i s t o n  t o  sp ide r  passages . . . . . . . . . . . . . . . .  16.06 (0.98) 
Annular space around sp ide r  . . . . . . . . . . . . . . . . . .  3.82 (0.23) 
Between power p i s t o n  and sp ide r  . . . . . . . . . . . . . . . .  18.4 (1.12) 
Power p i s t o n  c e n t e r i n g  p o r t  passage . . . . . . . . . . . . . .  5.90 (0.36) 
D isp lace r  LVDT i n s i d e  o f  p i s t o n  . . . . . . . . . . . . . . . .  2.95 (0.18) 
A n t i  r o t a t i o n  rod  c learance ho les  . . . . . . . . . . . . . . .  5.16 (0 .32)  
I n s t r u m e n t a t i o n  p o r t s  . . . . . . . . . . . . . . . . . . . . .  3.15 (0 .19)  
T o t a l  w i t h  D1 . . . . . . . . . . . . . . . . . . . . . . . .  104.4 (6 .37)  
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TABLE I V .  - RE-1000 INSTRUMENTATION 

1 

I Mnemonic 

I 

1 MEANCP 
2 MEANBP 
3 PRESUP 
4 TOlHTR 
5 T02HTR 
6 TO3HTR 
7 T04HTR 
8 TO5HTR 
9 T06HTR 

10 TOlHTR 
11 TOBHTR 
12 T09HTR 
13 TlOHTR 
14 T l l H T R  
15 T12HTR 
16 T03HED 
17 T13REG 
18 T14REG 
19 T 1 5 R E G  
20 T16REG 
21 T17REG 
22 T18REG 
23 T19REG 
24 TGBOUN 
25 TGCOMP 
26 TGREGC 
27 TGREGH 
28 TGEXP 
29 TWINDP 
30 TDLDP 
31 TWODP 
32 TWINCL 
33 IDLCL 
34 TWOCL 
35 AMPS1 
36 AMPS2 
37 VOLTG 

38 FLODP 
39 FLOCLR 
40 V X l H O R  
41 V Y l V E R  
42 PISTST 

43 DISPST 

44 INDPWR 
45 PWROUT 
46 FPIST 
47 X P I S T  

Parameter 

Mean comp space pressure ,  kPa 
Mean bounce pressure ,  kPa 
Gas supp ly  p ressure ,  kPa 
Heater tube meta l  temp, " C  

J 
Head meta l  temp, " C  
Regen. v e r t .  p r o f i l e ,  "C 
Regen. v e r t .  p r o f i l e ,  "C 
Regen. c i r c u l a r  p r o f l l e ,  " C  

Regen. v e r t .  p r o f i l e ,  " C  
Regen. v e r t .  p r o f i l e ,  "C 
Comp. space gas temp, " C  
Regen.-cooler gas temp, O C  

Regen.-heater gas temp, " C  
Expanslon space gas temp, " C  
Dashpot water  i n l e t  temp, " C  
Dashpot water  d e l t a  temp, " C  
Dashpot water  o u t l e t  temp, " C  
Cooler water  i n l e t  temp, " C  
Cooler water d e l t a  temp, " C  
Cooler o u t l e t  temp, " C  
Heater amps, supp ly  1, A 
Heater amps, supp ly  2, A 
Heater vo l tage,  V 

Dashpot water  f l o w ,  l / m i n  
Cooler water  f l ow ,  l h i n  
H o r l z .  v i b r a t i o n ,  cm/sec 
Ver t .  v i  b r a t l o n ,  cm/sec 
P i s t o n  s t roke ,  cm 

D isp lace r  s t roke ,  c m  

I n d i c a t e d  power, W 
Brake power, kW 
Load f o r c e  on p i s t o n ,  N 
P i s t o n  p o s i t l o n ,  cm 

Range 

S t r a i n  gauge 
S t r a i n  gauge 
S t r a i n  gauge 
The rmoc oup 1 e 

1 

t 
Ammeter 
Ammeter 

Vo l tmeter  

r u r b i n e  meter 
ru rb lne  meter 
k c  e l  eromet e r  
k c  e l  erome t e r  
i t r o k e  meter 

i t r o k e  meter 

h a l o g  c i r c .  
h a l o g  c i r c .  
: t ransducer  

LVDT 

SS V E+ 

20 
20 
20 
10 

5 
1 

1 

10 
10 

1 
0.2 
1 
1 
0.2 
0.2 

10 
10 

0.01 

0.1 

+ 
0.02 

0.02 

40 
40 

x 20 
x 0.02 



TABLE I V .  - Concluded 

Range 

- +8.0 
- +2.0 

-. +2000 
68.9 

138 
138 

10.0 
0-360 
0-360 
0-50 

0-2000 

Mnemonic Type 

LVT 
LVDT 

C r y s t a l  
D i f f .  P xducer 
D i f f .  P xducer 
D i f f .  P xducer 
S t r a i n  gauge 

Phase meter 
Phase meter 
Freq. t o  dc 

Crys ta l  

48 XDOTP 
49 X D I S P  

50 PDYNC 
51 PDLCLR 
52 PDLREG 
53 PDLDIS 
54 PDYNDB 
5 5  PAPRES 
56 P A D I S P  
57  FREO 

58 PAMPC 

Mnemonl c 

PWRIN 
QCOOLR 
QDSHPT 
EXTEFF 

TAVHTR 
I N T E F F  

AMPS 
Q D I S P G  
Q D I S P  
Q R E G l  
QREGZ 
QREG3 
PWROUT 
INDPWR 
P I S T S T  
DISPST 

Parameter 

P i s t o n  v e l o c i t y ,  m/sec 
D isp lace r  p o s i t i o n ,  cm 

Comp. space pressure ,  kPa 
Cooler d e l t a  p ressure ,  kPa 
Regen. d e l t a  p ressure ,  kPa 
D isp lace r  d e l t a  p ressure ,  kPa 
D isp .  gas s p r i n g  press. ,  MPa 
Phase ang le  o f  p ressure ,  deg 
Phase ang le  o f  d i s p l a c e r ,  deg 
Engine frequency, Hz 

Comp. p ressure  ampl., kPa 
I 

TABLE V .  - RE-1000 CALCULATIONS 

SS V E+ 

1 1!:A4 2.5 
x 5  

1 ;.1 
X 1 
X 1 
X 0.05 

x 20 

~ ~ 

D e s c r i p t i o n  o f  t h e  c a l c u l a t i o n  

E l e c t r j c  power i n p u t  t o  t h e  hea te r  head 
Heat r e j e c t e d  by t h e  engine c o o l e r  
Heat r e j e c t e d  by t h e  dashpot 
Engine e f f i c i e n c y  based on t h e  brake power ou tpu t  and t h e  hea te r  
power i n p u t  
Average heater  tube o u t s i d e  tempera ture  
Engine e f f i c i e n c y  based on t h e  brake power ou tpu t  and brake power 
p l u s  QCOOLR used as t h e  i n p u t  
T o t a l  amperage t o  t h e  hea te r  head 
Heat conduct ion  th rough the  gas i n  t h e  d i s p l a c e r  
Heat conduc t ion  th rough t h e  d i s p l a c e r  body 
Outer regenera to r  w a l l  conduct ion  
Outer regenera to r  w a l l  conduct ion  
Inne r  regenera tor  w a l l  conduct ion  
Brake power ou tpu t ,  ana log  c a l c u l a t i o n  
I n d i c a t e d  power ou tpu t ,  ana log  c a l c u l a t i o n  
Power p i s t o n  s t r o k e  
D isp lace r  s t r o k e  
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TABLE V I .  - RE-1000 SAMPLE D A l A  P O I N T S  SINGLE V A R I A B L E  D A T A  SF-T 

NASA L E W I S  S E N S I T I V I T Y  TEST DATA RE 1 0 0 0  FREE P I S T O N  S T I R L I N G  ENGINE TEST D 0 0 3 ,  REC 1 1 / 1 7 / 8 3  1 0 : 1 7 : 7 1 . 8 0  Pur; 4 0 2  

F L U I D  H E L I U M  BARON 1 4 . 2 6 8  P S I  REGENERATOR 2 DISPLACER 1 STAtdDARD P I S T O N  

HEAT TO DASHPOT COOLING 
FLODP 4 .  i o  L/r:ni 

POWER I N  
AMPS1 7 7 6 .  AMPS 
AI lPS2 6 5 1 .  AMPS 
VOLTG 3 . 1 1  VOLTS 

ENGINE CHARGE PRESSURE 
PRESUP 7 4 8 2 .  KPA 

GAS TEMPERATURES 
TGEXP 5 5 4 . 8  DEG.C 

SUR FACE T E i l  FEP A T U P  E S  
TO 1 HTF 6 0 9 .  3 D € ; G .  C 
T0211TR 6 0 7 . 9  D E G . C  
TO311TR 6 1 9 . 7  D L G . C  
T0411TR 5 7 4 . 3  DE(;.(: 
T05Hl 'R 60'1.4 DEG.C 
T O b l i l R  6 0 2 . 3  5 E ' I . C  
TOIIII 'P. 5 7 3 . 2  DE';.C 
TOSIiI 'R 6 0 5 . 9  DEC;.C 
TCJSiH'TP. 6 1 9 . 2  l:Y:(i,C 
T l f l l i ' r R  5 4 6 . 2  l)!:G,C 
T 1 1 11-C R 6 0 3 . 't I, EG . C 
T121I'IR 6 0 3 . 9  1)EG.C 

TCIINDP 1 7 . 3  DEG.C 
TDLDP 2 . 9 4  DEG.C 
TLIODPR 2 0 . 9  DEG.C 

MEAHBP 7 0 1 3 .  KPA 
MEANCP 7 0 5 6 .  KPA 

TGREGH 5 4 7 . 0  DEG.C 
TGREGC 1 0 1 . 9  DEG.C 
TGCOilP 6 1 . 6  1)EG.C 
T G B O U N  3 6 . 9  L'E.G.C 

' HEAT TO COOLER 
F L O C L R  4 . 1 7  L / M I N  
TCIINCL 2 5 . 2  DEG.C 
TDLCL 9 . 6 3  DEG.C 
TWOCLR 3 4 . 8 0  DEG.C 

1 
2 
3 
4 
5 
6 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
1 5  
1 6  

CALCULATED PARAMETERS 
PPIRIN 4 4 3 3 .  WATTS 
QCOOLR 2 7 8 9 .  WATTS 
QDSI1PT 8 4 0 .  WATTS 
EXTEFF 2 7 . 4  % 
TAVHTR 5 9 9 . 3  DEG.C 
I I ITEFF 30 . 4  % 
A l lFS 1 4 2 7 .  AMPS 
QDISPG 3 .  WATTS 
Q D I S P  1 4 .  WATTS 
QREGl 1 0 6 .  WATTS 
PREG2 1 2 1 .  WATTS 
QREG3 3 4 .  WATTS 
PFP 1 0 1 9 . 5  KPA/CM 
PFD 3 6 2 . 7  KPA/CN 
NBEALE 0 . 0 0 8 7 5  

V I  B R A T I  ON 
VXlHOR 0 . 5  CN/S 
V Y l V E R  8 . 5  CM/S 

PHASE ANGLES 
P A D I S P  5 7 . 1  DEG. 
PAPRES - 2 1 . 6  DEG. 

REMOTE C A I X U L A T I C I ( 5  
PIQ.OUT I 21 6 . L1X.r r s  
I t d D F I I R  1 2 6 2 .  WATTS 
P I S T S T  2 .  5 8  C i l  

T13REG 5 5 3 . 7  DEG.C 
T14REf; 5 1 4 . 8  CEc; .C 

ENGINE SPEED 
FREQ 2 9 . 9  HZ 

NASA LEWIS S E N S I T I V I T Y  TEST DATA RE 1 0 0 0  FREE P I S T O N  S T I R L I N G  ENGINE TEST D003, REC 0 7 / 2 6 / 8 4  1 5 : 3 5 : 5 5 . 0 3  RDG 1 0 0 6  

F L U I D  H E L I U M  BAROM 1 4 . 3 0 3  P S I  REGENERATOR 1 DISPLACER 1 STANDARD P I S T O N  

HEAT TO DASHPOT COOLING 
FLODP 3 . 9 6  L / M I N  

POWER I N  ENGINE CHARGE PRESSURE 
PRESUP 7 3 6 5 .  KPA 

MEANBP 7 0 1 1 .  KPA 
MEANCP 7 0 4 0 .  KPA 

GAS TEHPERATURES 
TGEXP 5 6 7 . 8  DEG.C 

TGREGH 5 6 4 . 5  DEG.C 
TGREGC 9 0 . 7  DEG.C 
TGCOFIP 3 9  'I DEG.C 
TGBOUN 2 7 . 9  DEG.C 

SURFACE TEMPERATURES 
T O l H T R  6 0 1 . 6  DEG.C 
TO2HTR 6 0 5 . 5  DEG.C 

AMPS1- 5 3 4 .  AMPS 
AMPS2 5 0 3 .  AMPS 
VOLTG 2.25 VOLTS TI.!INDP 1 7 . 7  DEG.C 

TDLDP 1.15 DEG.C 
TWODPR 1 9 . 6  DEG.C 

TO3IiTR 6 1 2 . 6  DEG.C 
T04 i iTR 6 0 6 . 4  DFG.C 
T05HTR 6 1  . .3 DEG.C 
T06HTR 6 0 0 . 3  DEG.C 
T07HTR 6 0 4 . 5  I IEG.C 
T08HTR 5 8 4 . 1  DEG.C 
T09HTR 6 0 8 . 8  DEG.C 
T lOHTR 5 9 1 . 8  DEG.C 
T l l H T R  5 7 8 . 7  DEG.C 
T l Z H T R  5 8 0 . 2  DEG.C 

HEAT TO COOLER 
FLOCLR 4 . 2 2  L / M I N  
TWiNCL 2 4 . 7  DEG.C 
TDLCL 6 . 4 7  DEG.C 
TWDCLR 2 9 . 4 7  DEG.C 

CALCULATED PARAMETERS 
1 PWRIN 2 3 3 8 .  WATTS 
2 PCOOLR 1 8 9 2 .  NATTS 
3 QDSHPT 317. MATTS 

V I B R A T I O N  
VXlHOR 0 .2  CM/S 
V Y l V E R  5 . 9  CM/S 

REMOTE CALCULATIONS 
PWROUT 5 3 2 .  WATTS 
INDPWR 5 7 0 .  WATTS 
P I S T S T  1 . 8 0  CM 
D I S P S T  1.83 CM 4 EXTEFF 2 2 . 7  % 

5 TAVHTR 5 9 9 . 6  DEG.C 
6 I N T E F F  2 1 . 9  % 

PHASE ANGLES 
P A D I S P  5 6 . 0  DEG 
PAPRES - 1 9 . 8  DEG 

T13REGxxXXXX DEG.C 
DYNAMIC CALCULATIONS T14XEG 5 1 8 . 3  DEG.C 

T15REG 3 8 4 . 4  DEG.C 
T l 6 R E G  3 8 6 . 7  DEG.C 
T17REG 3 7 6 . 6  CEG.C 
T l 8 R E G  3 7 2 . 8  DEG.C 

8 APiPS 1 0 3 7 .  AFlPS 
9 QDISPG 3 .  KATTS 

1 0  QDISP 1 5 .  WATTS 
11 QREGl 1 1 9 .  WATTS 
12 QREG2 1 1 8 .  WATTS 
13 QREG3 3 7 .  WATTS 
1 4  PFP 1 0 2 9 . 1  KPA/CM 
1 5  PFD 3 5 3 . 7  KPA/CM 
1 6  NBEALE 0 . 0 0 5 4 4  

PAl lPC 7 9 2 7  KPA 
DISPCP 2 . 1 3  CM 
P I S T C P  2 . 3 1  CM 

ENGINE SPEED 
FREQ 3 0 . 2  HZ 

PDYNDBXXXXXX KPA 
PDLCLR 3 . 2 2  KPA 
PDLREG 37.33 KPA 
P D L D I S  6 5 . 1 6  KPA 

T19REG 2 2 5 . 5  DEG.C 

TO3:iEDXXXXXX DEG.C 

NASA LEN15 S E N S I T I V I T Y  TEST DATA RE 1000 FREE P I S T O N  S T I R L I N G  ENGINE TEST D003,  REC 0 7 / 2 6 / 8 4  1 5 1 4 0 1 2 2 . 0 6  RDG 1 0 0 7  

F L U I D  H E L I U M  BAROM 1 4 . 3 0 3  P S I  REGENERATOR 1 DISPLACER 1 STANDARD P I S T O N  

HEAT TO DASHPOT COOLING 
FLODP 3 . 9 4  L / M I N  

TWINDP 1 7 . 8  DEG.C 
TDLDP 1 . 4 2  DEG.C 
T!IODPR 1 9 . 8  DEG.C 

POWER I N  
AMPS1 5 7 1 .  AMPS 
AMPS2 5 3 3 .  AMPS 

ENGINE CHARGE PRESSURE 
PRESUP 7 4 6 9 .  KPA 

MEANBP 6 9 8 2 .  KPA 
MEANCP 7 0 1 3 .  KPA 

GAS TEMPERATURES 
TGEXP 5 6 4 . 8  DEG.C 

TGREGH 5 6 3 . 7  DEG.C 

SURFACE 
T O l H T R  
T 0 2 t1T R 
TO3HTR 
T04HTR 
T 0 5 H T 8  
T06HTR 
T07HTR 
T08HTR 
T09HTR 
T10HTR 
T l l H T R  
T12HTR 

TEMPE 
6 0 2 . 6  
6 0 5 . 0  
6 1 3 . 7  
6 0 5 . 5  
6 1 5 . 7  
6 0 7 . 1  
6 0 5 . 4  
5 8 3 . 8  
6 0 9 . 7  
5 9 0 . 4  
5 7 7 . 8  
5 7 7 . 7  

:RATURES 
DEG.C 

1 DEG.C 
DEG.C 
DEG. C 
DEG.C 
DEG.C 
DEG.C 
DEG. C 
DEG. C 
DEG. C 
DEG. C 
DEG.C 

VOLTG 2 . 4 0  VOLTS - 
TGREGC 9 2 . 6  DEG.C 
TGCOMP 4 2 . 0  DEG.C 
TGSOUN 2 9 . 0  DEG.C 

HEAT TO COOLER 
1 
2 
3 
4 
5 
6 
8 
9 

1 0  
11 
12 
1 3  
1 4  
15 
1 6  

CALCULATED PARAMETE 
PWRIN 2 6 4 8 .  WATTS 
QCOOLR 2 0 0 4 .  WATTS 
QDSHPT 3 9 0 .  WATTS 
EXTEFF 2 3 . 5  % 
TAVHTR 5 9 9 . 5  DEG.C 
I N T E F F  23.7 X 
AMPS 1 1 0 4 .  AMPS 
Q D I S P G  3. WATTS 
Q D I S P  1 5 .  WATTS 
Q R E G l  1 1 8 .  WATTS 
QREG2 117. WATTS 
QREG3 3 6 .  WATTS 
PFP 1 0 1 8 . 7  KPA/CM 
PFD 3 4 5 . 8  KPA/CM 
NBEALE 0 . 0 0 5 7 3  

iRS V I B R A T I O N  
VXlHOR 0 . 3  CM/S 
V Y l V E R  6 . 6  CM/S 

REMOTE CALCULATIONS 
PWROUT 6 2 2 .  WATTS 
INDPWR 6 6 5 .  WATTS 
P I S T S T  2 . 0 1  CM 
D I S P S T  1 . 9 7  CM 

FLOCLR 4 I 2 i  L / M I N  
TWINCL 2 4 . 7  DEG.C 
TDLCL 6 . 8 2  DEG.C 
TWOCLR 2 9 . 9 5  DEG.C PHASE ANGLES 

P A D I S P  5 6 . 6  DEG. 
PAPRES - 1 8 . 9  DEG. DYNAMIC CALCULATIONS T14REG 

T15REG 
T16REG 
T17REG 
T18REG 
T l 9 R E G  

5 1 7 . 9  DEG.C 
3 8 5 . 7  DEG.C 
3 8 8 . 3  DEG.C 
3 7 7 . 9  DEG.C 
3 7 3 . 3  DEG.C 
2 2 8 . 0  DEG.C 

PAMPC 8 8 1 1  KPA..- 
D ISPCP 2 . 2 4  CM 
P I S T C P  2 . 3 4  CM 
P DY N DB X X X  X X  X KP A 
PDLCLR 3 . 7 3  KPA 
PDLREG 4 2 . 4 3  KPA 

ENGINE SPEED 
FREQ 3 0 . 2  HZ 

P D L D I S  7 3 . 6 5  KPA 

95 



TABLE V I .  - CONTINUED. 

NASA LEWIS S E N S I T I V I T Y  TEST DATA RE 1 0 0 0  FREE PISTON S T I R L I N G  ENGINE TEST D003, REC 0 7 / 2 6 / 8 4  1 5 : 4 6 : 4 0 . 0 6  RDG 1 0 0 8  

F L U I D  HELIUM BAROM 1 4 . 3 0 3  P S I  REGENERATOR 1 DISPLACER 1 STANDARD PISTON 

HEAT TO DASHPOT COOLING POWER I N  
FLODP 3 . 9 4  L / M I N  AMPSl 6 0 4 .  AMPS ~~ 

AMPS2 j 5 7 .  AMPS 
TWINDP 1 7 . 8  DEG.C VOLTG 2 . 5 3  VOLTS 
TDLDP 1 . 7 2  DEG.C 
TWODPR 2 0 . 2  DEG.C 

HEAT TO COOLER 
FLOCLR 4 . 2 3  
TWINCL 2 4 . 7  
TDLCL 7 . 6 1  
TWOCLR 3 0 . 7 3  

L / M I N  
DEG. C 
DEG. C 
DEG. C 

1 
2 
3 
4 
5 
6 
8 
9 

1iJ 
11 
1 2  
13 
1 4  
1 5  
1 6  

CALCULATED PARAMETERS 
PWRIN 2 9 3 0 .  WATTS 
QCOOLR 2 2 3 3 .  WATTS 
QDSHPT 4 7 0 .  WATTS 
EXTEFF 2 4 . 0  X 
TAVHTR 5 9 9 . 9  DEG.C 
I N T E F F  2 3 . 9  X 
AMPS 1 1 6 0 .  AMPS 
QDISPG 3. WATTS 
QDISP 1 5 .  WATTS 
QREGl 1 1 7 .  WATTS 
QREG2 1 1 5 .  WATTS 
QREG3 3 6 .  WATTS 
PFP 1 0 2 5 . 2  KPA/CM 
PFD 3 3 9 . 6  KPA/CM 
NBEALE L .  0 0 5 8 9  

NASA LEWIS S E N S I T I V I T Y  TEST DATA RE 1000  FREE 

ENGINE CHARGE PRESSURE GAS TEMPERATURES 
PRESUP 7 0 5 5 .  KPA TGEXP 5 6 2 . 6  DEG.C 

MEANBP 6 9 8 8 .  KPA TGREGH 5 6 3 . 2  DEG.C 
MEANCP 7 0 2 3 .  KPA TGREGC 9 4 . 9  DEG.C 

TGCOMP 4 5 . 4  DEG.C 
TGBOUN 3 0 . 6  DEG.C 

V I B R A T I O N  
VXlHOR 0 . 3  CM/S 
VYIVER 7 . 2  CM/S 

PHASE ANGLES 
PADISP 5 6 . 7  DEG. 
PAPRES - 1 7 . 7  DEG. 

ENGINE SPEED 
FREQ 3 0 . 2  HZ 

REMOTE CALCULATIONS 
PWROUT 7 0 3 .  WATTS 
INDPWR 7 5 3 .  WATTS 
P I S T S T  2 . 2 0  CM 
DISPST 2 . 0 9  CM 

DYNAMIC CALCULATIONS 
PAMPC 9 7 9 .  KPA 
DISPCP 2 . 2 7  CM 
PISTCP 2 . 3 4  CM 
PDYNDBXXXXXX KPA 
PDLCLR 4 . 0 7  KPA 
PDLREG 4 7 . 8 6  KPA 
PDLDIS 8 2 . 1 3  KPA 

PISTON S T I R L I N G  ENGINE TEST D003, REC 0 7 / 2 6 / 8 4  

F L U I D  HELIUM BAROM 1 4 . 3 0 3  P S I  REGENERATOR 1 DISPLACER 1 STANDARD PISTON 

HEAT TO DASHPOT COOLING POWER I N  ENGINE CHARGE PRESSURE GAS TEMPERATURES 
FLODP 3.97 L / M I N  AMPSl 637. AMPS PRESUP 7339. KPA TGEXP 561.2 DEG.C 

TWINDP 1 7 . 8  DEG.C VOLTG 2 . 6 6  VOLTS MEANBP 6 9 5 9  KPA TGREGH 5 5 8  I DEG.C 
TDLDP 1 . 9 7  DEG.C MEANCP 7 0 3 6 .  KPA TGREGC 94.; DEG.C 
TWODPR 20 .5  DEG.C TGCOMP 4 8 . 5  DEG.C 

TGBOUN 3 2 . 1  DEG.C 

AMPS2 5 8 5 .  AMPS 

HEAT TO COOLER 
FLOCLR 4 . 2 3  
TWINCL 2 4 . 7  
TDLCL 8 . 5 3  
TWOCLR 31.51 

L / M I N  
DEG. C 
DEG. C 
DEG. C 

1 
2 
3 
4 
5 
6 
8 
9 

1 0  
11 
12 
13 
1 4  
15 
1 6  

CALCUL F 
PWRIN 
QCOOLR 
QDSHPT 
EXTEFF 
TAVHTR 
I N T E F F  
AMPS 
QDISPG 
QDISP 
QREGl 
QREGP 
QREG3 
PFP I 
PFD 
NBEALE 

LTED PARAMETERS 
3253. WATTS 
2 5 0 5 .  WATTS 

5 4 5 .  WATTS 
2 4 . 4  X 

6 0 0 . 3  DEG.C 
2 4 . 1  X 

1 2 2 2 .  AMPS 
3. WATTS 

1 5 .  WATTS 
1 0 8 .  WATTS 
1 2 5 .  WATTS 

3 6 .  WATTS 
, 0 1 2 . 0  KPA/CM 
3 2 4 . 2  KPA/CM 
0 . 0 0 6 0 9  

V I B R A T I O N  
VXlHOR 0.3 CM/S 
VYIVER 7 . 9  CM/S 

PHASE ANGLES 
PADISP 5 7 . 1  DEG. 
PAPRES - 1 6 . 5  DEG. 

ENGINE SPEED 
FREQ 3 0 . 2  HZ 

REMOTE CALCULATIONS 
PWROUT 7 9 4 .  WATTS 
INDPWR 8 5 6 .  WATTS 
P I S T S T  2 . 4 0  CM 
DISPST 2 . 2 2  CM 

DYNAMIC CALCULATIONS 
PAMPC 1 0 6 3 .  KPA 
DISPCP 2 . 3 7  CM 
P I S T C P  2 . 3 8  CM 
PDYNDBXXXXXX KPA 
PDLCLR 5 . 4 3  KPA 
PDLREG 5 2 . 9 5  KPA 
PDLDIS 9 0 . 2 8  KPA 

15: 

SURFACE 
TOlHTR 
TOZHTR 
TO3HTR 
T04HTR 
TO5HTR 
T06HTR 
T07HTR 
TOIHTR 
T09HTR 
TIOHTR 
T l l H T R  
T12HTR 

TEMPEli 
6 0 3 . 8  
6 0 4 . 7  
6 1 5 . 3  
6 0 5 . 1  
6 1 7 . 5  
6 0 8 . 2  
6 0 6 . 3  
5 8 4 . 0  
6 1 0 . 7  
5 8 9 , 5  
5 7 7 . 5  
5 7 6 . 1  

lATURES 
DEG. C 
DEG. C 
DEG. C 
DEG. C 
DEG. C 
DEG.C 
DEG. C 
DEG. C 
DEG. C 
DEG.C 
DEG. C 
DEG. C 

T13REGXXXXXX DEG.C 
T14REG 5 1 8 . 7  DEG.C 
T15REG 3 8 8 . 8  DEG.C 
T16REG 3 8 9 . 2  DEG.C 
T17REG 3 8 0 . 1  DEG.C 
T18REG 3 7 6 . 6  DEG.C 
T19REG 2 3 2 . 8  DEG.C 

T03HEDXXXXEX DEG.C 

5 0 : 2 2 . 0 6  RDG 1 0 0 9  

SURFACE TEMPERATURES 
TOlHTR 602.1 DEG.C 
TOPHTR 6 0 8 . 6  DEG.C 
T03HTR 61. ..2 DEG.C 
TOSHTR 60-,.3 DEG.C 
TO5HTR 6 2 0 . 1  DEG.C 
TO6HTR 6 1 1 . 6  DEG.C 
T07HTR 6 1 0 . 2  DEG.C 
T08HTR 5 8 1 . 4  DEG.C 
TO9HTR 6 0 9 . 4  DEG.C 
TIOHTR 5 8 8 . 8  DEG.C 
T l l H T R  5 7 3 . 6  DEG.C 
TIZHTR 5 7 7 . 0  DEG.C 

T13REGXXXXXX DEG.C 
T14REG 5 1 7 . 8  DEG.C 
T l 5 R E G  3 8 4 . 9  DEG.C 
T16REG 3 7 8 . 4  DEG.C 
T17REG 3 6 4 . 0  DEG.C 
T18REG 3 6 4 . 0  DSG.C 
T19REG 2 3 1 . 2  DEG.C 

TOJHEDXXXXXX DEG.C 

NASA LEWIS S E N S I T I V I T Y  TEST DATA RE 1 0 0 0  FREE PISTON S T I R L I N G  ENGINE TEST D003, REC 0 7 / 2 6 / 8 4  1 5 : 5 5 : 2 5 . 0 6  RDG 1 0 1 0  

F L U I D  HELIUM BAROM 1 4 . 3 0 3  P S I  REGENERATOR 1 DISPLACER 1 STANDARD PISTON 

HEAT TO DASHPOT COOLING POWER I N  
FLODP 3 . 9 6  L / M I N  AMPSl 6 7 3 .  AMPS 

AMPS2 6 1 9 .  AMPS 
TWINDP 1 7 . 8  DEG.C VOLTG 2.82 VOLTS 
TDLDP 2 . 2 1  DEG.C 
TWODPR 2 0 . 8  DEG.C 

HEAT TO COOLER CALCULATED PARAMETERS 
FLOCLR 4 . 2 2  L / M I N  1 PWRIN 3 6 4 3 .  WATTS 
TWINCL 2 4 . 8  DEG.C 2 QCOOLR 2 7 3 6 .  WATTS 
TDLCL 9 . 3 4  DEG.C 3 QDSHPT 6 0 7 .  WATTS 
TWOCLR 3 2 . 5 2  DEG.C 4 EXTEFF 23.8 X 

5 TAVHTR 5 9 8 . 6  DEG.C 
6 I N T E F F  2 4 . 0  X 
8 AMPS 1 2 9 2 .  AMPS 
9 QDISPG 3. WATTS 

1 0  QDISP 1 4 .  WATTS 
11 QREGl 9 6 .  WATTS 
12 QREGZ 139. WATTS 
13 QREG3 35. WATTS 
1 4  PFP 1 0 0 2 . 8  KPAICM 
1 5  PFD 3 1 4 . 1  KPA/CM 
1 6  NBEALE 0 . 0 0 6 1 7  

ENGINE CHARGE PRESSURE 
PRESUP 7 4 6 4 .  KPA 

MEANBP 6 9 8 8 .  KPA 
MEANCP 7 0 3 2 .  KPA 

V I B R A T I O N  
VXlHOR 0 . 4  CM/S 
VYIVER 8 . 5  CM/S 

PHASE ANGLES 
PADISP 5 7 . 5  DEG. 
PAPRES -15.7 DEG. 

ENGINE SPEED 
FREP 30.1 HZ 

96 

GAS TEMPERATURES 
TGEXP 5 5 7 . 5  DEG.C 

TGREGH 5 4 8 . 5  DEG.C 
TGREGC 9 0 . 7  DEG.C 
TGCOMP 5 5 . 7  DEG.C 
TGBOUN 3 3 . 4  DEG.C 

REMOTE CALCULATIONS 
PWROUT 8 6 6 .  WATTS 
INDPWR 9 3 9 .  WATTS 
P I S T S T  2 . 6 0  CM 
D I S P S T  2 . 3 4  CM 

DYNAMIC CALCULATIONS 
PAMPC 1 1 4 7 .  KPA 
DISPCP 2.37 CM 
P I S T C P  2.33 CM 
PDYNDBXX*XiX KPA 
PDLCLR 6 . 7 9  KPA 
PDLREG 5 5 . 6 6  KPA 
PDLDIS 9 5 . 7 1  KPA 

SURFACE TEMPERATURES 
TOlHTR 5 9 8 . 1  DEG.C 
TOZHTR 6 1 0 . 5  DEG.C 
TO3HTR 6 1 4 . 9  DEG.C 
T04HTR 6 0 1 . 4  DEG.C 
T05HTR 6 2 1 . 1  DEG.C 
T06HTR 6 1 3 . 0  DEG.C 
T07HTR 6 1 1 . 9  DEG.C 
T08HTR 5 7 6 . 7  DEG.C 
T09HTR 6 0 5 . 4  DEG.C 
TIOHTR 5 8 6 . 4  DEG.C 
T l l H T R  5 6 7 . 1  DEG.C 
T12HTR 5 7 6 . 9  DEG.C 

TlJREGXXXXXX DEG.C 
T14REG 5 1 0 . 3  DEG.C 
T l 5 R E G  3 6 8 . 0  DEG.C 
T16REG 3 5 0 . 7  DEG.C 
T17REG 3 3 1 . 5  DEG.C 
T18REG 3 3 8 . 9  DEG.C 
T19REG 2 2 1 . 0  DEG.C 

T03HEDXXXXXX DEG.C 

ORIGINAL PAGE IS 
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TABLE VI. - CONTINUED. 

NASA LEWIS S E N S I T I V I T Y  TEST DATA RE 1 0 0 0  FREE PISTON S T I R L I N G  ENGINE TEST D003, REC 0 7 / 2 6 / 8 4  1 6 : 0 0 : 5 5 . 0 9  RDG 1 0 1 1  

F L U I D  HELIUM BAROM 1 4 . 3 0 3  P S I  REGENERATOR 1 DISPLACER 1 STANDARD PISTON 

HEAT TO DASHPOT COOLING POWER I N  
FLODP 3 . 9 3  L / M I N  AMPSl 7 0 2 .  AMPS 

AMPS2 6 5 3 .  AMPS 
TWINDP 1 7 . 8  DEG.C VOLTG 2 . 9 8  VOLTS 
TDLDP 2 . 6 7  DEG.C 
TWODPR 2 1 . 2  DEG.C 

HEAT TO COOLER 
FLOCLR 4 . 2 3  L / M I N  
TWINCL 2 4 . 9  DEG.C 
TDLCL 1 0 . 3 2  DEG.C 
TWOCLR 3 3 . 6 5  DEG.C 

1 
2 
3 
4 
5 
6 
8 
9 

1 0  
11 
12 
13 
1 4  
1 5  
1 6  

CALCULE 
PWRIN 
QCOOLR 
QDSHPT 
EXTEFF 
TAVHTR 
I N T E F F  
AMPS 
QDISPG 
Q D I S P  
QREGl  
QREGZ 
QREG3 
PFP 1 
PFD 
NBEALE 

\TED PARAMETERS 
4 0 3 8 .  WATTS 
3 0 3 2 .  WATTS 

7 3 2 .  WATTS 
2 3 . 7  % 

6 0 0 . 0  DEG.C 
2 4 . 0  % 

1 3 5 5 .  AMPS 
3. WATTS 

1 4 .  WATTS 
9 0 .  WATTS 

1 4 6 .  WATTS 
3 5 .  WATTS 

P 1 0 . 0  KPA/CM 
3 1 7 . 9  KPA/CM 
0 . 0 0 6 3 1  

ENGINE CHARGE PRESSURE 
PRESUP 7 0 6 3 .  KPA 

MEANBP 6 9 8 7 .  KPA 
MEANCP 7 0 3 4 .  KPA 

V I B R A T I O N  
VXlHOR 0 . 4  CM/S 
VYlVER 9 . 2  CM/S 

PHASE ANGLES 
PADISP 5 7 . 5  DEG. 
PAPRES - 1 5 . 2  DEG. 

ENGINE SPEED 
FREQ 3 0 . 1  HZ 

GAS TEMPERATURES 
TGEXP 5 5 5 . 5  DEG.C 

TGREGH 5 4 5 . 4  DEG.C 
TGREGC 9 2 . 1  DEG.C 
TGCOMP 6 1 . 1  DEG.C 
TGBOUN 3 5 . 8  DEG.C 

REMOTE CALCULATIONS 
PWROUT 9 5 5 .  WATTS 
INDPWR 1 0 3 0 .  WATTS 
P I S T S T  2 . 8 0  CM 
DISPST 2 . 4 5  CM 

DYNAMIC CALCULATIONS 
PAMPC 1 2 5 0 .  KPA 
DISPCP 2 . 3 6  CM 
PISTCP 2 . 2 9  CM 
PDYNDBXXXXXX KPA 
PDLCLR 8 . 8 2  KPA 
PDLREG 6 0 . 4 1  KPA 
P D L D I S 1 0 3 . 5 2  KPA 

SURFACE 
TOlHTR 
T02HTR 
TO3HTR 
T04HTR 
T05HTR 
T06HTR 
T07HTR 
TOBHTR 
TO9HTR 
T lOHTR 
T l l H T R  
T I Z H T R  

TEMF 
5 9 8 .  
6 1 2 .  
6 1 7 .  
6 0 2 .  
6 2 4 .  
6 1 6 .  
6 1 4 .  
5 7 6 .  
6 0 6 .  
5 8 6 .  
5 6 6 .  
5 7 7 .  

'ERATURES 
9 DEG.C 
9 DEG.C 
1 DEG.C 
4 DEG.C 
1 DEG.C 
0 DEG.C 
9 DEG.C 
4 DEG.C 
9 DEG.C 
4 DEG.C 
2 DEG.C 
3 DEG.C 

T13REGZXXXXX DEG.C 
T14REG 5 0 6 . 8  DEG.C 
T l 5 R E G  3 5 9 . 0  DEG.C 
T16REG 3 3 9 . 8  DEG.C 
T17REG 3 1 7 . 8  DEG.C 
T l 8 R E G  3 2 6 . 8  DEG.C 
T19REG 2 1 6 . 2  DEG.C 

T03HEDXxXXXX DEG.C 

NASA LEWIS S E N S I T I V I T Y  TEST DATA RE 1 0 0 0  FREE PISTON S T I R L I N G  ENGINE TEST D003, REC 0 7 / 2 6 / 8 4  1 6 : 0 3 : 2 2 . 0 9  RDG 1 0 1 2  

F L U I D  HELIUM BAROM 1 4 . 3 0 3  P S I  REGENERATOR 1 DISPLACER 1 STANDARD PISTON 

ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES HEAT TO DASHPOT COOLING POWER I N  
PRESUP 7 0 6 5 .  KPA TGEXP 5 5 2 . 5  DEG.C TOlHTR 5 9 9 . 1  DEG.C 

TOZHTR 6 1  ' . 6  DEG.C 
MEANBP 7 0 0 0 .  KPA TGREGH 5 4 0 . 3  DEG.C T03HTR 6 1 7 . 4  DEG.C 
MEANCP 7 0 4 9 .  KPA TGSEGC 9 2 . 6  DEG.C T04HTR 6 0 1 . 2  DEG.C 

TGCOMP 6 5 . 4  DEG.C TO5HTR 6 2 5 . 1  DEG.C 
TGBOUN 3 7 . 2  DEG.C TO6HTR 6 1 6 . 7  DEG.C 

T07HTR 6 1 5 . 6  DEG.C 
TOBHTR 5 7 4 . 6  DEG.C 
T09HTR 6 0 6 . 0  DEG.C 

CALCULATED PARAMETERS V I B R A T I O N  REMOTE CALCULATIONS T lOHTR 5 8 5 . 4  DEG.C 
VXlHOR 0 . 4  CM/S PWROUT 1 0 2 6 .  WATTS T l l H T R  5 6 3 . 2  DEG.C FLOCLR 4 . 2 4  L / M I N  1 PWRIN 4 4 6 7 .  WATTS 

TWINCL 2 4 . 9  DEG.C 2 QCOOLR 3 2 6 5 .  WATTS VYlVER 9 . 8  CM/S INDPWR 1 1 0 0 .  WATTS T I Z H T R  5 7 6 . 1  DEG.C 
3 QDSHPT 7 9 1 .  WATTS P I S T S T  3 . 0 0  CM TDLCL 1 1 . 1 0  DEG.C 

PHASE ANGLES D I S P S T  2 . 5 1  CM TWOCLR 3 4 . 5 4  DEG.C 4 EXTEFF 2 3 . 0  % 
PADISP 5 7 . 6  DEG. T13REGxXXXXX DEG.C 5 TAVHTR 5 9 9 . 4  DEG.C 

6 I N T E F F  2 3 . 9  % PAPRES - 1 4 . 0  DEG. DYNAMIC CALCULATIONS T14REG 5 0 0 . 1  DEG.C 
PAMPC 1 3 4 4 .  KPA T15REG 3 4 6 . 2  DEG.C 8 AMPS 1 4 2 6 .  AMPS 

ENGINE SPEED DISPCP 2.35 CM T16REG 3 2 6 . 9  DEG.C 9 QDISPG 3. WATTS 
FREQ 3 0 . 2  HZ PISTCP 2 . 2 6  CM T17REG 3 0 3 . 8  DEG.C 1 0  QDISP 1 4 .  WATTS 

PDYNDBXXXXXX KPA T18REG 3 1 3 . 6  DEG.C 11 QREGl 8 5 .  WATTS 
PDLCLR 1 1 . 2 0  KPA T19REG 2 0 8 . 9  DEG.C 12 QREGZ 151. WATTS 
PDLREG 6 3 . 8 1  KPA 13 QREG3 3 5 .  WATTS 

1 4  PFP 1 0 0 7 . 4  KPA/CM P D L D I S 1 0 9 . 9 7  KPA TOJHEDXXXXXX DEG.C 1 5  PFD 3 0 6 . 5  KPA/CM 
1 6  NBEALE 0 . 0 0 6 3 1  

FLODP 3.93 L / M I N  AMPSl 7 4 2 .  AMPS 
AMPS2 6 8 3 .  AMPS 

TWINDP 1 7 . 9  DEG.C VOLTG 3.13 VOLTS 
TDLDP 2 . 8 9  DEG.C 
TWODPR 2 1 . 4  DEG.C 

HEAT TO COOLER 

NASA LEWIS S E N S I T I V I T Y  TEST DATA RE 1 0 0 0  FREE PISTON S T I R L I N G  ENGINE TEST DO039 REC 0 7 / 2 6 / 8 4  1 6 1 3 0 : 2 5 . 1 2  RDG 1017 

F L U I D  HELIUM BAROM 1 4 . 2 9 8  P S I  REGENERATOR 1 DISPLACER 1 STANDARD PISTON 

HEAT TO DASHPOT COOLING POWER I N  ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES 
TOlHTR 5 5 0 . 9  DEG.C 
T02HTR 5 5 8 . 5  DEG.C 
TO3HTR 5 6 5 . 8  DEG.C 
T04HTR 5 5 3 . 1  DEG.C 

TGCOMP 5 3 . 4  DEG.C T05HTR 5 7 0 . 6  DEG.C 
TGBOUN 3 6 . 2  DEG.C T06HTR 5 6 1 . 8  DEG.C 

T07HTR 5 6 0 . 5  DEG.C 
T08HTR 5 3 0 . 1  DEG.C 
TO9HTR 5 5 8 . 1  DEG.C 

REMOTE CALCULATIONS T lOHTR 5 3 7 . 8  DEG.C 
PWROUT 7 7 6 .  WATTS T l l H T R  521.5 DEG.C 
INDPWR 8 4 6 .  WATTS T l 2 H T R  5 2 6 . 8  DEG.C 

T13REGXXXxZX DEG.C 
PAPRES -14.1 DEG. DYNAMIC CALCULATIONS T14REG 4 7 3 . 2  DEG.C 

T l 5 R E G  3 5 2 . 3  DEG.C 
DISPCP 2 . 3 5  CM T16REG 3 4 3 . 8  DEG.C 

FREQ 3 0 . 2  HZ PISTCP 2 . 3 5  CM T17REG 3 3 0 . 4  DEG.C 
PDYNDBXZX%+X KPA T18REG 3 3 0 . 0  DEG.C 
PDLCLR 6 . 7 9  KPA T19REG 2 1 5 . 2  DEG.C 
PDLREG 5 7 . 7 0  KPA 
P D L D I S  9 8 . 7 7  KPA T03HEDZXXXXZ DEG.C 

FLODP 4 . 0 8  L / M I N  AMPSl 6 4 5 .  AMPS PRESUP 7 1 8 7 .  KPA TGEXP 5 1 0 . 7  DEG.C 

TWINDP 1 8 . 0  DEG.C VOLTG 2 . 7 3  VOLTS MEANBP 7 0 1 1 .  KPA TGREGH 5 0 7 . 3  DEG.C 
TDLDP 2 . 3 0  DEG.C MEANCP 7 0 6 2 .  KPA TGREGC 9 2 . 3  DEG.C 
TWODPR 2 1 . 0  DEG.C 

AMPS2 6 0 8 .  AMPS 

HEAT TO COOLER CALCULATED PARAMETERS V I B R A T I O N  
FLOCLR 4 . 2 2  L/MIN 1 PWRIN 3 4 2 4 .  WATTS VXlHOR 0 . 4  CM/S 
TWINCL 2 4 . 5  DEG.C 2 QCOOLR 2 7 1 3 .  WATTS VYlVER 8.5 CM/S 
TDLCL 9 . 2 7  DEG.C 3 QDSHPT 6 5 1 .  WATTS P I S T S T  2 . 6 0  CM 

PHASE ANGLES DISPST 2 . 3 0  CM TWOCLR 3 2 . 0 9  DEG.C 4 EXTEFF 2 2 . 7  % 
5 TAVHTR 5 4 9 . 6  DEG.C PADISP 5 8 . 8  DEG. 
6 I N T E F F  2 2 . 2  % 
8 AMPS 1 2 5 3 .  AMPS PAMPC 1 1 6 6 .  KPA 
9 QDISPG 3. WATTS ENGINE SPEED 

1 0  QDISP 13. WATTS 
11 QREGl 9 3 .  WATTS 
12 QREG2 1 1 6 .  WATTS 
13 QREG3 32. WATTS 
1 4  PFP 1 0 0 3 . 3  KPA/CM 
15 PFD 2 8 9 . 5  KPA/CM 
1 6  NBEALE 0 . 0 0 5 4 9  
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TABLE V I .  - CONTINUED. 

NASA LEWIS S E N S I T I V I T Y  TEST DATA RE 1 0 0 0  FREE PISTON S T I R L I h ;  ENGTNE TEST D003, REC 0 . . '27 /84  1 0 : 5 7 : 2 2 . 5 4  RDG 1 0 2 4  

F L U I D  HELIUM BAROM 1 4 . 3 2 7  P S I  REGENERATOR 1 DISPLACER 1 STANDARD PISTON 

HEAT TO DASHPOT COOLING 
FLODP 4 . 4 7  L / M I N  

TWINDP 1 6 . 2  DEG.C 
T D i D P  1 . 7 1  DEG.C 
TWODPR 1 8 . 6  DEG.C 

POWER I N  
AMPSl 6 4 6 .  AMPS 
AMPS2 6 0 2 .  AMPS 
VOLTG 2 . 6 8  VOLTS 

ENGINE CHARGE PRESSURE 
PRESUP 7 5 7 2 .  KPA 

MEANBP 7 0 0 0 .  KPA 
MEANCP 7 0 4 8 .  KPA 

GAS TEMPERATURES 
TGEXP 4 6 2 . 4  DEG.C 

TGREGH 4 6 0 . 8  DEG.C 
TGREGC 9 0 . 5  DEG.C 
TGCOMP 5 3 . 8  DEG.C 
TGBOUN 3 1 . 8  DEG.C 

SURFACE TEMPERATURES 
TOlHTR 5 0 1 . 0  DEG.C 
TOZHTR 5 0 7 . 9  DEG.C 
TO3HTR 5 1 5 . 5  DEG.C 
T04HTR 5 0 3 . 0  DEG.C 
T05HTR 5 1 9 . 9  DEG.C 
T06HTR 5 1 1 . 0  DEG.C 
T07HTR 5 1 0 . 1  DEG.C 
T08HTR 4 8 1 . 0  DEG.C 
T09HTR 5 0 7 . 7  DEG.C 
T lOHTR 4 8 8 . 1  DEG.C 
T l l H T R  4 7 1 . 9  DEG.C 
T12HTR 4 7 6 . 6  DEG.C 

V I B R A T I O N  
VXlHOR 0 . 4  CM/S 
V Y l V E R  8 . 6  CM/S 

REMOTE CALCULATIONS 
PWROUT 7 0 7 .  WATTS 
INDPWR 7 6 5 .  WATTS 
P I S T S T  2 . 6 0  CM 
DISPST 2 . 3 0  CM 

DYNAMIC CALCULATIONS 
PAMPC 1 1 7 6 .  KPA 
DISPCP 2 . 3 2  CM 
PISTCP 2 . 2 8  CM 
PDYNDBXXXXXX KPA 

HEAT TO COOLER CALCULATED PARAMETERS 
FLOCLR 4 . 2 1  L / M I N  1 PWRIN 3 3 4 8 .  WATTS 
TWINCL 2 4 . 7  DEG.C 2 QCOOLR 2 6 8 1 .  WATTS 

3 QDSHPT 5 3 1 .  WATTS TDLCL X X X X X X  DEG.C 
TWOCLR 3 2 . 1 5  DEG.C PHASE ANGLES 

PADISP 6 0 . 4  DEG. 
PAPRES - 1 2 . 5  DEG. 

4 
5 
6 
8 
9 

1 0  
11 
12 
13 
14 
15 
1 6  

EXTEFF 
TAVHTR 
I N T E F F  
AMPS 
QDISPG 
QDISP 
QREGl 
QREGZ 
QREG3 
PFP 
PFD 
NBEALE 

2 1 . 1  
4 9 9 . 5  

2 0 . 9  
1 2 4 8 .  

2. 
12. 
8 5 .  

1 0 0 .  
2 9 .  

9 9 5 . 1  
2 5 4 . 7  
0 . 0 0 5  

% 
DEG. C 
% 
AMPS 
WATTS 
WATTS 
WATTS 
WATTS 
WATTS 
KPA/CM 
KPA/CM 

' 0 1  

T13REGXXXXXX DEG.C 
T l 4 R E G  4 3 1 . 6  DEG.C 
T15REG 3 2 6 . 4  DEG.C 
T16REG 3 1 7 . 8  DEG.C 
T17REG 3 0 7 . 7  DEG.C 
T18REG 3 0 8 . 1  DEG.C 
T19REG 2 0 3 . 0  DEG.C 

ENGINE SPEED 
FREQ 3 0 . 2  HZ 

PDLCLR 6 . 9 6  KPA 
PDLREG 5 8 . 0 4  KPA 
PDLDIS 9 9 . 1 0  KPA T03HEDXXXXXX DEG.C 

NASA LEWIS S E N S I T I V I T Y  TEST DATA RE 1 0 0 0  FREE PISTON S T I R L I N G  ENGINE TEST D003, REC 0 7 / 2 7 / 8 4  1 1 : 3 5 : 1 0 . 5 4  RDG 1030 

F L U I D  HELIUM BAROM 1 4 . 3 3 2  P S I  REGENERATOR 1 DISPLACER 1 STANDARD PISTON 
SURFACE 

TOlHTR 
TOZHTR 
T03HTR 
T04HTR 
T05HTR T06HTR 

T07HTR 
T08HTR 
T09HTR 
T lOHTR 
T l l H T R  
T l Z H T R  

TEMPERATURES 
4 5 2 . 3  DEG.C 
4 5 6 . 8  DEG.C 
4 6 5 . 5  DEG.C 
4 5 3 . 6  DEG.C 
4 6 9 . 0  DEG.C 
4 5 9 . 9  DEG.C 
4 5 8 . 8  DEG.C 
4 3 2 . 9  DEG.C 
4 5 8 . 6  DEG.C 
4 3 9 . 4  DEG.C 
4 2 4 . 0  DEG.C 
4 2 6 . 7  DEG.C 

HEAT TO DASHPOT COOLING POWER I N  ENGINE CHARGE PRESSURE GAS TEMPERATURES 
FLODP 4 . 1 1  L / M I N  AMPSl 6 2 6 .  AMPS PRESUP 7 5 6 2 .  KPA TGEXP 4 1 5 . 3  DEG.C 

TWINDP 1 6 . 0  DEG.C VOLTG 2 . 6 0  VOLTS MEANBP 7 0 0 7 .  KPA TGREGH 4 1 5 . 9  DEG.C 
TDLDP 1 . 9 0  DEG.C MEANCP 7 0 6 1 .  KPA TGREGC 8 8 . 9  DEG.C 

TGCOMP 5 4 . 6  DEG.C 
TWODPR 1 8 . 6  DEG.C TGBOUN 3 3 . 1  DEG.C 

A M P S 2  5 8 9 .  A M P S  

HEAT TO COOLER 
FLOCLR 4 . 2 1  L / M I N  
TWINCL 2 4 . 3  DEG.C 
TDLCL 8 . 8 8  DEG.C 
TWOCLR 31.77 DEG.C 

CALCULATED PARAMETERS 
1 PWRIN 3 1 5 9 .  WATTS 
2 QCOOLR 2 5 9 5 .  WATTS 
3 QDSHPT 5 4 2 .  WATTS 
4 EXTEFF 1 9 . 2  % 
5 TAVHTR 4 4 9 . 8  DEG.C 
6 I N T E F F  1 8 . 9  X 
8 AMPS 1 2 1 5 .  AMPS 
9 QDISPG 2. WATTS 

1 0  QDISP 1 0 .  WATTS 
11 QREGl  7 9 .  WATTS 
1 2  QREG2 8 3 .  WATTS 
13 QREG3 2 5 .  WATTS 
1 4  PFP 9 8 0 . 6  KPA/CM 
15 PFD 212.3 KPA/CM 
1 6  NBEALE 0 . 0 0 4 2 8  

V I B R A T I O N  
VXlHOR 0 . 4  CM/S 
VYlVER 8 . 6  CM/S 

PADISP 6 1 . 8  DEG. 
PAPRES - 1 0 . 3  DEG. 

PHASE ANGLES 

ENGINE SPEED 
FREQ 3 0 . 2  HZ 

REMOTE CALCULATIONS 
PWROUT 6 0 5 .  WATTS 
INDPWR 6 4 3 .  WATTS 
P I S T S T  2 . 6 0  CM 
DISPST 2 . 2 6  CM 

DYNAMIC CALCULATIONS 
PAMPC 1 1 8 1 .  KPA 
DISPCP 2 . 3 0  CM 
PISTCP 2 . 2 5  CM 
PDYNDBXXXXXX KPA 
PDLCLR 6 . 7 9  KPA 
PDLREG 5 8 . 3 8  KPA 
P D L D I S 1 0 0 . 4 9  KPA 

T13REGXXXXXX DEG.C 
T14REG 3 8 9 . 2  DEG.C 
T l 5 R E G  2 9 9 . 6  DEG.C 
T16REG 2 9 4 . 9  DEG.C 
T17REG 2 8 8 . 2  DEG.C 
T18REG 2 8 6 . 8  DEG.C 
T19REG 1 9 0 . 0  DEG.C 

T03HEDXXXXXX DEG.C 

NASA LEWIS S E N S I T I V I T Y  TEST DATA RE 1 0 0 0  FREE PISTON S T I R L I N G  ENGINE TEST D003, REC 0 8 / 0 3 / 8 4  1 4 : 5 8 : 2 3 . 3 5  RDG 1 0 7 0  

F L U I D  HELIUM BAROM 1 4 . 3 4 2  P S I  REGENERATOR 1 DISPLACER 1 STANDARD PTFTOh 

ENGINE CHARGE PRESSURE 
PRESUP 5 5 5 3 .  KPA 

MEANBP 5 4 9 4 .  KPA 
MEANCP 5 5 3 1 .  KPA 

GAS TEmPERATURES 
TGEXP 5 5 5 . 0  DEG.C 

SURFACE 
TOlHTR 
T02HTR 
TOJHTR 
T04HTR 
TO5HTR 
T06HTR 
TO7HTR 
T08HTR 
T09HTR 
T lOHTR 
T l l H T R  
T l Z H T R  

TEMPERATURES 
5 9 9 . 7  DEG.C 
6 0 6 . 6  DEG.C 
6 1 4 . 7  DEG.C 
6 0 1 . 3  DEG.C 
6 1 9 . 1  DEG.C 
6 0 9 . 4  DEG.C 
6 0 8 . 6  DEG.C 
5 8 0 . 8  DEG.C 
6 0 7 . 0  DEG.C 
5 8 6 . 7  DEG.C 
5 7 3 . 8  DEG.C 
5 7 7 . 7  DEG.C 

HEAT TO DASHPOT COOLING POWER I N  
FLODP 4 . 2 0  L / M I N  AMPSl 6 3 5 .  AMPS 

AMPS2 5 2 1 .  AMPS 
VOLTG 2 . 4 9  VOLTS TWINDP 2 2 . 4  DEG.C 

TDLDP 1 . 7 0  DEG.C 
TWODPR 24.7  DEG.C 

TGREGH 5 5 4 . 7  DEG.C 
TGREGC 7 9 . 7  DEG.C 
TGCOMP 4 9 . 4  DEG.C 
TGBOUN 3 7 . 7  DEG.C 

1 
2 
3 
4 
5 
6 
8 
9 

1 0  
11 
12 
13 
1 4  
15 
1 6  

CALCULA 
PWRIN 
QCOOLR 
QDSHPT 
EXTEFF 
TAVHTR 
I N T E F F  
AMPS 
QDISPG 
QDISP 
QREGl 
QREGZ 
QREG3 
PFP 
PFD 
NBEALE 

iTED PARAMETERS 
2 8 7 9 .  WATTS 
2137. WATTS 

495. WATTS 
2 5 . 0  X 

5 9 8 . 8  DEG.C 
2 5 . 2  % 

1 1 5 6 .  AMPS 
3. WATTS 

1 4 .  WATTS 
1 0 8 .  WATTS 
1 3 0 .  WATTS 

37. WATTS 
7 9 5 . 4  KPA/CM 
2 6 7 . 8  KPA/CM 
0 . 0 0 7 2 9  

V I B R A T I O N  
VXlHOR 0.3 CM/S 
VYlVER 7 . 1  CM/S 

REMOTE CALCULATIONS 
PWROUT 7 2 0 .  WATTS 
INDPWR 7 5 9 .  WATTS 

HEAT TO COOLER 
-FLOCLR 4 T 4 0  L / M I N  

TWINCL 2 5 . 2  DEG.C 
TDLCL 7 . 0 0  DEG.C 
TWOCLR 3 0 . 9 9  DEG.C 

P I S T S T  2 . 6 1  CM 
DISPST 2 . 4 6  CM PHASE ANGLES 

PADISP 5 8 . 7  DEG. 
PAPRES - 1 8 . 0  DEG. 

FREQ 2 6 . 9  HZ 
ENGINE SPEED 

T13REGXXXXXX DEG.C 
T14REG 5 1 5 . 2  DEG.C 
T l 5 R E G  3 7 9 . 5  DEG.C 
T16REG 3 6 7 . 6  DEG.C 
T17REG 3 5 2 . 7  DEG.C 
T18REG 3 5 5 . 3  DEG.C 
T19REG 2 2 2 . 0  DEG.C 

T03HEDXXXXXX DEG.C 

DYNAMIC CALCULATIONS 
PAMPC 9 1 0 .  KPA 
DISPCP 2 . 2 5  CM 
PISTCP 2 . 4 6  CM 
PDYNDBXXXXXX KPA 
PDLCLR 4 . 4 1  KPA 
PDLREG 4 2 . 4 3  KPA 
PDLDIS 7 1 . 9 5  KPA 

ORIGINAL PAGE IS 
OF POOR QUALITY 
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ORIGINAL PAGE 1s 
OF POOR QUALITY 

TABLE V I .  - CONTINUED. 

NASA LEWIS S E N S I T I V I T Y  TEST DATA RE 1 0 0 0  FREE PISTON S T I R L I N G  ENGINE TEST D003, REC 0 8 / 0 6 / 8 4  1 4 : 5 2 : 2 4 . 5 9  RDG 1 0 7 9  

F L U I D  HELIUM BAROM 1 4 . 2 8 8  P S I  REGENERATOR 1 DISPLACER 1 STANDARD PISTON 

HEAT TO DASHPOT COOLING 
FLODP 4 . 0 8  L / M I N  

POWER I N  
AMPSl 5 3 9 .  
AMPS2 4 5 1 .  
VOLTG 2 . 1 3  

AMPS 
AMPS 

VOLTS 

ENGINE CHARGE PRESSURE 
PRESUP 4 1 4 3 .  KPA 

MEANBP 3 9 8 8 .  KPA 
MEANCP 4 0 1 2 .  KPA 

GAS TEMPERATURES 
TGEXP 5 5 3 . 1  DEG.C 

TGREGH 5 6 0 . 1  DEG.C 
TGREGC 7 0 . 5  DEG.C 
TGCOMP 4 1 . 6  DEG.C 
TGBOUN 3 2 . 0  DEG.C 

SURFACE TEMPERATURES 
TOlHTR 6 0 5 . 6  DEG.C 
T02HTR 5 9 9 . 1  DEG.C 
TO3HTR 6 1 4 . 7  DEG.C 
T04HTR 6 0 3 . 7  DEG.C 
TO5HTR 6 1 5 . 3  DEG.C 
T06HTR 6 0 0 . 7  DEG.C 
TO7HTR 6 0 1 . 4  DEG.C 
TOIHTR 5 8 9 . 7  DEG.C 
T09HTR 6 0 7 . 8  0EG.C 

TWINDP 2 3 . 0  DEG.C 
TDLDP 0 . 8 1  DEG.C 
TWODPR 2 4 . 4  DEG.C 

HEAT TO COOLER 
1 
2 
3 
4 
5 
6 
8 
9 

1 0  
11 
1 2  
13 
1 4  
1 5  
1 6  

CALCULATED P 
PWRIN 2 1 0 9 .  
QCOOLR 1 2 4 2 .  
QDSHPT 2 2 8 .  
EXTEFF 2 3 . 7  
TAVHTR 5 9 9 . 4  
I N T E F F  2 8 . 7  
AMPS 9 9 0 .  
QDISPG 3. 
QDISP 1 5 .  
QREGl 1 2 1 .  
QREG2 1 2 1 .  
QREG3 3 8 .  
PFP 5 6 8 . 8  
PFD 2 0 0 . 5  
NBEALE 0 . 0 0 8  

ARAMETERS 
WATTS 
WATTS 
WATTS 
% 
DEG. C 
x 
AMPS 
WATTS 
WATTS 
WATTS 
WATTS 
WATTS 
KPA/CM 

’ KPA/CM 
1 5  

VIBRATION 
VXlHOR 0 . 2  CM/S 
VYlVER 5.8 CM/S 

PHASE ANGLES 
PADISP 5 8 . 4  DEG. 
PAPRES - 1 9 . 7  DEG. 

FREQ 2 3 . 0  HZ 
ENGINE SPEED 

REMOTE CALCULA’I 
PWROUT 5 0 0 .  
INDPWR 5 2 0 .  
P I S T S T  2 . 6 1  
DISPST 2 . 5 5  

DYNAMIC CALCULP 

’ IONS 
WATTS 
WATTS 
CM 
CM 

iT IONS 
KPA 
CM 
CM 
KPA 
KPA 
KPA 
KPA 

TlOHTR 5 9 1 . 6  DEG.C 
T l l H T R  5 8 1 . 8  DEG.C 
T12HTR 5 8 1 . 3  DEG.C 

FLOCLR 4 - 3 1  L / M I N  
TWINCL 2 5 . 2  DEG.C 
TDLCL 4 . 1 5  DEG.C 
TWOCLR 2 9 . 1 7  DEG.C 

T13REGXXXXXX DEG.C 
T14REG 5 1 2 . 2  DEG.C 
T15REG 3 7 6 . 1  DEG.C 
T16REG 3 6 7 . 6  DEG.C 
T17REG 3 6 3 . 5  DEG.C 
T lSREG 3 6 3 . 0  DEG.C 
T19REG 2 1 3 . 7  DEG.C 

T03HEDXXXXXX DEG.C 

PAMPC 6 4 5 .  
DISPCP 2 . 1 8  
PISTCP 2 . 4 0  
PDYNDBXXXXXX 
PDLCLR 2 . 7 2  
PDLREG 2 9 . 5 3  
PDLDIS 4 9 . 2 1  

NASA LEWIS S E N S I T I V I T Y  TEST DATA RE 1 0 0 0  FREE PISTON S T I R L I N G  ENGINE TEST D003, REC 0 8 / 0 8 / 8 4  1 3 : 3 6 1 2 1 . 4 0  RDG 1 1 2 1  

F L U I D  HELIUM BAROM 1 4 . 2 3 4  P S I  REGENERATOR 1 DISPLACER 1 STANDARD PISTON 

HEAT TO DASHPOT COOLING POWER I N  ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES 
FLODP 4 . 3 7  L / M I N  AMPSl 7 0 2 .  AMPS PRESUP 7 0 9 3 .  KPA TGEXP 5 5 7 . 0  DEG.C TOlHTR 6 0 2 . 6  DEG.C 

AMPS2 5 9 5 .  AMPS T02HTR 6 0 4 . 7  DEG.C 
TWINDP 2 5 . 4  DEG.C VOLTG 2 . 7 8  VOLTS MEANBP 7 0 1 2 .  KPA TGREGH 5 5 9 . 4  DEG.C TO3HTR 6 1 6 . 7  DEG.C 
TDLDP 2 . 1 8  DEG.C MEANCP 7 0 6 6 .  KPA TGREGC 1 0 9 . 0  DEG.C T04HTR 6 0 3 . 0  DEG.C 
TWODPR 2 8 . 0  DEG.C TGCOMP 6 4 . 0  DEG.C TO5HTR 6 2 1 . 4  DEG.C 

TGBOUN 4 4 . 0  DEG.C T06HTR 6 0 9 . 5  DEG.C 
T07HTR 6 0 8 . 0  DEG.C 
TOIHTR 5 8 0 . 9  DEG.C 
T09HTR 6 1 1 . 3  DEG.C 
TlOHTR 5 8 6 . 0  DEG.C 
T l l H T R  5 7 4 . 7  DEG.C 

HEAT TO COOLER 
FLOCLR 4 . 3 6  
TWINCL 3 9 . 9  
TDLCL 8 . 4 2  
TWOCLR 4 6 . 9 9  

L / M I N  
DEG.C 
DEG. C 
DEG. C 

CALCULATED PARAMETERS 
1 PWRIN 3599. WATTS 
2 QCOOLR 2 5 3 2 .  WATTS 
3 QDSHPT 6 6 2 .  WATTS 
4 EXTEFF 2 3 . 5  % 
5 TAVHTR 5 9 9 . 5  DEG.C 
6 I N T E F F  2 5 . 0  % 
8 AMPS 1 2 9 6 .  AMPS 
9 QDISPG 3. WATTS 

1 0  QDISP 1 4 .  WATTS 
11 QREGl 111. WATTS 
1 2  QREGZ 1 1 4 .  WATTS 
13 QREG3 3 5 .  WATTS 
14 PFP 1 0 0 7 . 1  KPA/CM 
1 5  PFD 3 0 0 . 9  KPA/CM 
1 6  NBEALE 0 . 0 0 5 9 3  

V I B R A T I O N  
VXlHOR 0 . 4  CM/S 
VYlVER 8 . 6  CM/S 

REMOTE CALCULATIONS 
PWROUT 8 4 5 .  WATTS 
INDPWR 9 0 7 .  WATTS 
P I S T S T  2 . 6 1  CM 
DISPST 2 . 3 5  CM 

DYNAMIC CALCULATIONS 
PAMPC 1 1 7 1 .  KPA 
DISPCP 2 . 2 9  CM 
PISTCP 2 . 3 4  CM 
PDYNDBXXXXXX KPA 
POLCLR 6 . 1 1  KPA 
PDLREG 5 6 . 3 4  KPA 
PDLDIS 9 6 . 7 3  KPA 

T l Z H T R  5 7 4 . 8  DEG.C 

PHASE ANGLES 
PADISP 5 8 . 5  DEG. 
PAPRES - 1 4 . 9  DEG. 

T13REGXXXf XX DEG.C 
.6  DEG.C 
. 9  DEG.C 
.7  DEG.C 
. O  DEG.C 
.7  DEG.C 
.7  DEG.C 

. - - . . - - 
T14REG 5 1 9  
T15REG 3 9 1  
T16REG 3 9 1  
T17REG 3 8 6  
T18REG 3 7 8  
T19REG 2 4 1  

ENGINE SPEED 
FREQ 3 0 . 3  HZ 

T03HEDXXXXXX DEG.C 

NASA LEWIS S E N S I T I V I T Y  TEST DATA RE 1 0 0 0  FREE PISTON S T I R L I N G  ENGINE TEST D003, REC 0 8 / 2 7 / 8 4  1 4 : 0 5 : 4 0 . 2 7  RDG 1 2 0 0  

F L U I D  HELIUM BAROM 14.332 P S I  REGENERATOR 1 DISPLACER 1 STANDARD PISTON 

HEAT TO DASHPOT COOLING POWER I N  
FLODP 4 . 0 1  L / M I N  AMPSl 6 9 4 .  AMPS 

AMPS2 5 6 9 .  AMPS 
TWINDP 1 8 . 7  DEG.C VOLTG 2 . 7 7  VOLTS 
TDLDP 2 . 6 3  DEG.C 
TWODPR 2 2 . 1  DEG.C 

ENGINE CHARGE PRESSURE 
PRESUP 7 3 1 1 .  KPA 

MEANBP 6 9 8 6 .  KPA 
MEANCP 7 0 3 1 .  KPA 

GAS TEMPERATURES 
TGEXP 5 5 8 . 0  DEG.C 

SURFACE TEMPERATURES 
TOlHTR 6 0 0 . 3  DEG.C 
TOZHTR 6 0 7 . 1  DEG.C 
TO3HTR 6 1 4 . 6  DEG.C 
T04HTR 6 0 5 . 0  DEG.C 
T05HTR 6 1 9 . 5  DEG.C 
T06HTR 6 1 1 . 7  DEG.C 

TGREGH 5 5 8 . 6  DEG.C 
TGREGC 1 2 3 . 0  DEG.C 
TGCOMP 7 4 . 7  DEG.C 
TGBOUN 4 3 . 1  DEG.C 

T07HTR 
T08HTR 
T09HTR 
T lOHTR T l l H T R  

T12HTR 

6 1 0 .  
5 7 8 .  
6 1 2 .  
5 8 4 .  
5 7 5 .  
5 7 5 .  

3 
4 

OEG . C 
DEG.C 
DEG. C 
DEG. C 
DEG.C 
DEG.C 

HEAT TO COOLER 
FLOCLR 4 . 1 5  L / M I N  
TWINCL 5 4 . 0  DEG.C 
TDLCL 7 . 3 9  DEG.C 
TWOCLR 6 0 . 4 8  DEG.C 

1 
2 
3 
4 

CALCULATED PARAMETERS 
PWRIN 3 4 9 3 .  WATTS 
QCOOLR 2 1 0 8 .  WATTS 
QDSHPT 7 3 4 .  WATTS 
EXTEFF 2 2 . 2  % 
TAVHTR 5 9 9 . 6  DEG.C 
I N T E F F  2 6 . 9  % 
AMPS 1 2 6 3 .  AMPS 
QDISPG 3. WATTS 
QDISP 1 4 .  WATTS 
QREGl 1 0 3 .  WATTS 
QREGP 1 1 4 .  WATTS 
QREG3 3 4 .  WATTS 
PFP 9 9 4 . 2  KPA/CM 
PFD 2 8 0 . 7  KPA/CM 
NBEALE 0 . 0 0 5 5 1  

V I B R A T I O N  
VXlHOR 0 . 6  CM/S 
V Y l V E R  8 . 4  CM/S 

PADISP 59.1 DEG. 
PAPRES -13.7 DEG. 

PHASE ANGLES 

REMOTE CALCULATIONS 
PWROUT 777. WATTS 
INDPWR 837. WATTS 
P I S T S T  2 . 6 0  CM 
DISPST 2 . 2 9  CM 

T13REGXXXXXX DEG.C 
T14REG 5 2 2 . 7  DEG.C 
T15REG 4 0 2 . 6  DEG.C 
T16REG 4 0 2 . 4  DEG.C 
T17REG 3 8 8 . 9  DEG.C 
T18REG 3 8 2 . 4  DEG.C 
T19REG 2 5 5 . 2  DEG.C 

5 
6 
8 
9 

DYNAMIC CALCULATIONS 
PAMPC 1 1 6 1 .  KPA 
DISPCP 2 . 2 5  CM 
P I S T C P  2 . 3 4  CM 
PDYNDBXXXXXX KPA 
PDLCLR 6 . 1 1  KPA 
PDLREG 5 3 . 2 9  KPA 
PDLDIS 9 1 . 9 8  KPA 

ENGINE SPEED 
FREQ 3 0 . 2  HZ IO 

11 
12 
13 
1 4  
1 5  
1 6  

T03HEDXXXXXX DEG.C 
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TABLE V I .  - CONCLUDED. 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 09/26/84 10:54:20.52 RDG 1357 

FLUID HELIUM BAROPt 14.474 PSI REGENERATOR 1 DISPLACER 2 STANDARD PISTON 

HEAT TO DASHPOT COOLING POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES 
FLODP 4.38 L/NIN AIlFS1 680. AMPS PRESUP 7163. KPA TGEXP 559.5 DE5.C TOlHTR 601.7 DEG.C 

AIIPS2 605. AllPS TO2llTR 614.3 DEti.C 
T!,IItIDP 18.8 DEG.C VOLTG 2.78 VOLTS MEAIIBP 6992. KPA TGPEGH 551.9 DEG.C T0311TR 612.7 DEG.C 
TDLDP 1.99 DEG.C llEAtiCP 7033. KPA TtiDEGC 98.6 DEG.C TO'1III'R 608.1 DEG.C 
TL!ODPR 21.4 DEG .C TGCOIIP 51.6 DEG.C T05HTR 618.4 DEG.C 

TGBOUN 35.8 DEti.C TO6H'IR 611.3 DEti.C 
T07HTR 610.5 DEG.C 
TO8IlTR 578.3 DEG.C 
T0911'IR 610.9 DEti.C 

HEAT TO COOLER CALCULATED PARAMETERS VIBRATION REMOTE CALCULATIONS TlOHTR 589.1 DEG.C 
FLOCLR 4.22 L/MXN 1 PLIRIN 3575. WATTS VXlHOR 0.7 CM/S FllPOUT 798. 1.IP.TTS T11HTR 573.5 DEG.C 
TI4INCL 25. 0 DEG . C 2 QCOOLR 2563. WATTS VYlVER 8.9 CN/S INDPWR 8 1 8 .  WATTS T12HTR 582.0 DEG.C 
TDLCL 8.75 DEG.C 3 QDSHF'C 605. WATTS PISTST 2.61 CM 
TllOCLR 32.75 DEG.C 4 EXTEE'F 22.3 Z PHASE ANGLES DISPST 1.88 CN 

5 TAVHTR 6 00. 9 DEG. C PADISP 77.7 DEG. T13REGY***** DEG.C 
6 INTEFF 23.7 2 PAFRES -11.3 DEG. DYNAMIC CALCULATIONS T14REG 514.2 DEG.C 
8 AllPS 1285. AMPS PFIIFC 1299. KPA T15REG 390.1 DEti.C 
9 QDISPG 3. WATTS ENGINE SPEED DISPCP 2.65 CN T16RE5 386.3 D E t i . C  

10 QDISP 14. WATTS FREQ 31.3 HZ PISTCP 2.36 CM T17REG 378.5 DEG.C 
11 QREG1 103. WATTS PDYNDB 1163. KPA T18REG 364.0 DEti.C 
12 QREG2 122. MATTS 
13 QREG3 35. WATTS 
14 PFP 1020.3 KPA/CM 
15 PFD 277.8 KPA/CN 
16 NBEALE 0.00545 

PDLCLR 7 .81 KPA T19RE:G 237.4 DE5.C 
PDLREG 57.36 }:PA 
PDLDIS 99.10 KPA TO 3HED****** DEG . C 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE TEST D003, REC 11/27/84 10:56:18.08 RDG 1552 

FLUID NITROGEN BARON 14.357 PSI REGENERATOR 1 DISPLACER 1 STANDARD PISTON 

POWER IN ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES 
FLODP 4.00 LININ AMPSl 565. AMPS PRESUP 7160. KPA TGEXP 566.9 DEG.C TOlHTR 602.2 DEG.C 

AMPS2 437. AMPS TOZHTR 615.1 DEG.C 
VOLTG 2.20 VOLTS MEANBP 7010. KPA TGREGH 552.1 DEG.C TO3HTR 604.1 DEG.C TWINDP 19.2 DEG.C MEANCP 7058. KPA TGREGC 109.5 DEG.C T04HTR 616.8 DEG.C TDLDP 1.10 DEG.C TGCOMP 40.9 DEG.C T05HTR 602.7 DEG.C TWODPR 20.4 DEG.C TGBOUN 27.3 DEG.C T06HTR 604.2 DEG.C 

T07HTR 603.7 DEG.C 
T08HTR 584.2 DEG.C 

HEAT TO DASHPOT COOLING 

HEAT TO COOLER 
FLOCLR 4.35 L/MIN 
TWINCL 25.2 DEG.C 
TDLCL 6.46 DEG.C 
TWOCLR 29.99 DEG.C 

CALCULATED PARAMETERS VIBRATION 
1 PWRIN 2210. WATTS VXlHOR 0.6 CM/S 
2 QCOOLR 1948. WATTS VYlVER 7.5 CM/S 
3 QDSHPT 306. WATTS 
4 EXTEFF 13.2 X PHASE ANGLES 
5 TAVHTR 600.0 DEG.C PADISP 36.5 DEG. 
6 INTEFF 13.0 2 PAPRES -5.5 DEG. 
8 AMPS 1002. AMPS 
9 QDISPG 0. WATTS ENGINE SPEED 
10 QDISP 15. WATTS FREQ 28.0 HZ 
11 QREGl 112. WATTS 
12 QREG2 99. WATTS 
13 QREG3 3 4 .  WATTS 
14 PFP 967.5 KPA/CM 
15 PFD 226.5 KPA/CM 
16 NBEALE 0.00226 

NASA LEWIS SENSITIVITY TEST DATA RE 1000 FREE PISTON STIRLING ENGINE 

FLUID HELIUM BAROM 14.322 PSI REGENERATOR 1 DISPLACER 1 

HEAT TO DASHPOT COOLING POWER IN 
FLODP 4.12 LININ AMPSl 653. AMPS 

AMPS2 517. AMPS 
TWINDP 18.0 DEG.C VOLTG 2.58 VOLTS 
TDLDP 2.44 DEG.C 
TWODPR 20.5 DEG.C 

HEAT TO COOLER 
FLOCLR 4.26 LININ 
TWINCL 25.3 DEG.C 
TDLCL 8.86 DEG.C 
TWOCLR 31.88 DEG.C 

CALCULATED PARAMETERS 
1 PWRIN 3018. WATTS 
2 QCOOLR 2618. WATTS 
3 QDSHPT 701. WATTS 
4 EXTEFF 19.0 2 
5 TAVHTR 600.8 DEG.C 
6 INTEFF 17.9 X 
8 AMPS 1170. AMPS 
9 QDISPG 3. WATTS 
10 QDISP 15. WATTS 
11 QREGl 119. WATTS 
12 QREG2 107. WATTS 
13 QREG3 36. WATTS 
14 PFP 987.2 KPA/CM 
15 PFD Z't5.5 KPA/CN 
16 NBEALE 0.00331 

REMOTE CALCULATIONS 
PWROUT 292. WATTS 
INDPWR 314. WATTS 
PISTST 2.56 CM 
DISPST 1.56 CM 

DYNAMIC CALCULATIONS 
PAMPC 1102. KPA 
DISPCP 2.47 CM 
PISTCP 2.41 CM 
PDYNDB****** KPA 
PDLCLR 14.93 KPA 
PDLREG 61.09 KPA 
PDLDIS154.77 KPA 

TEST D003, REC 12/07/84 1 

LIGHT PISTON 

.4:42: 

T09HTR 607.4 DEG.C 
TlOHTR 596.9 DEG.C 
TllHTR 579.0 DEG.C 
Tl2HTR 583.9 DEG.C 

T13REG*X**** DEG.C 
T14REG 497.4 DEG.C 
Tl5REG 385.4 DEG.C 
T16REG 391.0 DEG.C 
T17REG 391.1 DEG.C 
T18REG 375.3 DEG.C 
T19REG 236.7 DEG.C 

T03HED****** DEG.C 

20.19 RDG 1608 

ENGINE CHARGE PRESSURE GAS TEMPERATURES SURFACE TEMPERATURES 
PRESUP 7070. KPA TGEXP 558.4 DEG.C TOlHTR 606.1 DEG.C 

T02HTR 606.3 DEG.C 
MEANBP 7016. KPA TGREGH 566.1 DEG.C TO3HTR 614.3 DEG.C 
MEANCP 7063. KPA TGREGC 102.3 DEG.C T04HTR 606.5 DEG.C 

TGCOMP 46.1 DEG.C T05HTR 617.5 DEG.C 
TGBOUN 32.6 DEG.C T06HTR 611.5 DEG.C 

T07HTR 610.5 DEG.C 
TOBHTR 584.0 DEG.C 
T09HTR 615.3 DEG.C 

VIBRATION REMOTE CALCULATIONS TlOHTR 582.2 DEG.C 
VXlHOR 0 . 4  CM/S PWROUT 572. WATTS TllHTR 581.7 DEG.C 
VYlVER 6.0 CM/S INDPWR 571. WATTS Tl2HTR 573.3 DEG.C 

PISTST 2.56 CM 
PHASE ANGLES DISPST 1.90 CM 

PADISP 41.6 DEG. T13REG****** DEG.C 
PAPRES -8.1 DEG. DYNAMIC CALCULATIONS T14REG 522.1 DEG.C 

PAMPC 1102. KPA T15REG 398.0 DEG.C 
ENGINE SPEED DISPCP 2.28 CN T16REG 402.5 DEG.C 

FREQ 37.4 HZ PISTCP 2.37 CM T17REG 402.6 DEG.C 
PDYNDB****** KPA T18REG 390.7 DEG.C 
PDLCLR 4.41 KPA T19REG 243.5 DEG.C 
PDLREG 40.05 KPA 
PDLDIS 75.69 KPA T03HED****** DEG.C 
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TABLE V I I .  - LIST OF SINGLE VARIABLE DATA P O I N T S  

[Regenerator and d i s p l a c e r  1 were designed f o r  h i g h  e f f i c i e n c y .  Regenerator 
and d l s p l a c e r  2 were designed f o r  h i g h  power.] 

1006- 
1012 

1010, 
1070, 
1079 

1010, 
1017, 
1024, 
1030 

1010. 

I Nominal Values 

He 600 25 7.0 Var 1.8, 1 1 S td  
2.0, . .. 

Var 7.0, 
He 600 25 5.5, 4.0 2.6 1 1 S td  

Va r 

500, 450 
He 600, 550 25 7.0 2.6 1 1 S td  

Va r 

I I I I I I r 1 

1121, 
1200 

1010, 
1357 

1010, 
602 

1010, 
1608 

1010, 
1552 

Reading Gas Heater,  I Number I I O C  

He 600 25, 40, 7.0 2.6 1 1 S td  
55 

He 600 25 7.0 2.6 Va r 1 Std  
1, 2 

He 600 25 7.0 2.6 1 Va r Std  
1, 2 

He 600 25 7.0 2.6 1 1 Var S td  

Var 
He, 600 25 7.0 2.6 1 1 S td  

and L i g h t  

N2 

I I I I I i i 
1 

SVDS read ing  
numbers 

602 
1006 
1007 
1008 
1009 
1010 
1011 
1012 
1017 
1024 
1030 
1070 
1079 
1121 
1200 
1357 
1552 
1608 

D V D S  read lng  numbers 
( s t r o k e  v a r i e d  s t a r t i n g  a t  1.8 cm) 

598-602 (1.8-2.6 cm) 
1006-1 01 2 (1.8-3.0 cm) 

v 
(1.8-2.8 cm) 
(1.8-3.0 cm) 

4 

I 
101 3-1 01 9 
1020-1 025 
1026-1 032 
1066-1 072 
1075-1 081 
1117-1122 (1.8-2.8 cm) 
11 96-1 202 (1.6-3.0 cm) 
1353-1 360 (1.8-3.2 cm) 
1548-1 552 (1.8-2.6 cm) 
1604-1 61 0 (1.8-3.0 cm) 

101 



102 



- .  

FIGURE 2. - RE-1000 FREE-PISTON STRILING ENGINE IN TEST CELL. 

OC 

HEATER 

PISTON STROKE: 1.8 cm 
2.0 cm 
2.2 cm 
2.4 cm 
2.6 cm 

PISTON STROKE INCREASES 
TO A LIMIT DETERMINDED B Y  
THE OPERATING CONDITIONS 

FIGURE 3.- RE-1000 TEST M A T R I X .  
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DISPLACER 

LIGHT 
POWER 
P I  STON 

FIGURE 4.- CONFlGURATlON MATRIX W I T H  NUMBER OF READINGS.  

I r BRAZED JOINT 

I Q GENERATED 
/ Q LOST 

/ VOLTAGE 1 

I 

/ / 

/ MEASUREMENT/ HEAT 
L POWER INPUT LOCATION> TUBE 

\ 

c 

C-8t-2496 

FIGURE 5.- RE-1000 M A T E R  HEAD. 

QR:G!:daL PAGE is 
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FIGURE 6 .  - METEX KNITTED REGENERATOR MATRIX. 
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7 

6 

5 

4 
n 

d 4  
4 
n. 
0: 

Y 
0: 
3 v1 

E 3  
a 

2 

1 

I P 
0 10 20 30 40 

MASS FLOW RATE, G/SEC 

FIGURE 7.- PRESSURE DROP AS A FUNCTION OF MASS FLOW RATE 
W I T H  REGENERATOR 1. TESTED W I T H  NITROGEN AT 2070 KPA FOR 
THE COOLER AND REGENERATOR, AND 1380 KPA FOR THE HEATER. 
NITROGEN TEMPERATURE WAS 15 OC. 

. 
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0 10 20 30 40 
MASS FLOW R A T E .  G/SEC 

FIGURE 8. -  PRESSURE DROP AS A FUNCTION OF MASS FLOW RATE 
W I T H  REGENERATOR 2 .  
FOR THE COOLER AND REGENERATOR, AND 1380 KPA FOR THE 
HEATER. NITROGEN TEMPERATURE WAS 10 oc. 

TESTED WITH NIGROGEN AT 2070 KPA 

C-RO-74/1 

FIGURE 9 .  - RE-1000 COOLER AND H O I I S I N G .  
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C-80-2477 

FIGURE 10. - DISPLACER CYLINDER AND COOLER GAS PASSAGES. 

C-79-4607 

FIGURE 11. - DISPLACER AND DISPLACER ROD 1. 
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,0--INSTRUNENTATION PORT 

1 

FIGURE 12. - DISPLACER AND DISPLACER ROD 2. 

f 
2.30 CM 
(0.91 IN.) 

19 CM 
(5.980 IN.) 

-1.67 CM (0.6558 IN.) 

CM (2.234 IN.) 

CM (2.220 IN.) 

FIGURE 13.- DISPLACER 1 CROSS-SECTION. DISPLACER WEIGHT. 426 G 
(0.94 LB): GAS SPRING MEAN VOLUME, 31.79 CM3 (1.94 IN.3). 
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?-- 
1.37 CM 

(0.54 IN.) 

-7 -1.808 CM (0.7120 IN.) 

-5.67 CM (2.234 IN.) 

-5.65 CM (2.226 IN.) 

FIGURE 14.- DISPLACER 2 CROSS-SECTION. DISPLACER WEIGHT 381.3s 
(0.84 LB). GAS SPRING MEAN VOLUME, 18.80 ~ ~ ~ ( 1 . 1 4 7  IN.3). 

FIGURE 15. - RE-1000 FREE-PISTON STRILING ENGINE POWER PISTON. 
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ENGINE 
COOLER -. 

\ 

LEAK 

( A )  WHEN DISPLACER IS AT COMPRESSION SPACE. 

r 
/ 

ENGINE 
COOLER 

POWER 
PISTON 
CYLINDER 

2 

3 

(B) WHEN DISPLACER IS AT EXPANSION SPACE. 

FIGURE 16. - DISPLACER ROD MOUNTING WITH CENTER PORTS AND LEAK PATHS 
SHOW. 

1 1 1  



BOUNCE 
SPACE 

REGENERATOR L 

t 

REGENERATOR- 
COOLER DUCT- 

HEATER-REGENERATOR DUCT 

L 

I 

'L 

' ".- DISPLACER GAS 
SPRING 

 EXPANSION SPACE 

EXPANSION-HEATER 
CONNECTING DUCT 

HEATER 

FIGURE 17.- DEFINITIONS OF VOLUMES I N  THE ENGINE. 

DISPLACER GAS 
SPRING 

MEAN 
PRESSURE I 

W 

a 
v) 

COMPRESSION 
SPACE 

L,-- CENTERING PORT I 
VOLUME 

FIGURE 18.- RE-1000 ENGINE CENTERING 
PORT PRESSURE DROP FOR DISPLACER 
GAS SPRING AND COMPRESION SPACE. 

112 



POWER P ISTON 
CYLINDER 7 ,-'-LEAK PATH 3 

LEAK PATH 1 

LEAK PATH 2 1 

ENGINE 
COOLER -., 

1 '\ DISPLACER ROD 

( A )  WHEN POWER P ISTON I S  ABOVE CENTER PORTS. 

POWER P ISTON 
CYLINDER 7 

ENGINE 
COOLER 7 

(B)  WHEN POWER PISTON I S  BELOW CENTER PORTS. 

FIGURE 19.- SCHEMATIC OF LEAK PATHS PAST POWER P ISTON.  
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PATH 3 

PATH 1 

PATH 2 

COMPRESSION SPACE 

( A )  WHEN POWER PISTON IS ABOVE CENTER PORTS, 

BOUNCE SPACE r TOP EDGE OF 
CYLINDER 

LEAK PATH \ \  I / / 4  ‘L g’ YW e CENTER PORTS I N  SURFACE OF P ISTON 

COMPRESSION SPACE 

( B )  WHEN POWER P I S T O N  IS BELOW CENTER PORTS. 

FIGURE 20. - GEOMETRY OF LEAK PATHS PAST POWER P ISTON.  THE CENTER 
PORT I N  THE POWER P ISTON CYLINDER IS A 1.1-MM-DIAMETER HOLE 
W I T H I N  A GROOVE 30 M LONG, 1.25 M WIDE, AND 0.75 M DEEP. 

FIGURE 21. - RE-1000 I N  TEST CELL W I T H  PRESSURE VESSEL REMOVED. 
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l -  

VENT 

H I G H  PRESSURE 
GAS SYSTEM - HELIUM 

HYDROGEN SUPPLY 

OPEN LOOP I 
DASHPOT COOLING 
SYSTEM 

COOLING WATER 7 Y 

ELECTRIC 
HEAT I NG 
SYSTEM 

I - T  
I 7 -I-, 

t-,-4 
' I '  

I 
1 
I 

PISTON 1 
. -----J 39 

LOOP 
COOLING 

-L)U - - 

- -  

DRAIN 

FIGURE 22.- RE-1000 TEST SCHEMATIC. 
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FIGURE 23. - CONTROL ROOM 
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